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PREFACE 
TO THE THIRD EDITION. 


THis manual has been revised throughout and 
considerably enlarged. 

A historical account of the germ theory has 
been added to the introductory chapter. 

Since the last edition several micro-organisms 
have been more closely studied, and fresh dis- 
coveries have been made. The author would 
draw attention to the tetanus bacillus; and to 
the cultivation of the tubercle bacillus on glycerine 
agar-agar. 

The alleged discovery of the contagium of 
scarlet fever led to an animated discussion and to 
a more thorough acquaintance with the morphology 
and cultural characters of Streptococcus pyogenes. 

The fungus <Actznomyces and the Hematozoa 
of malaria have Been more, fully investigated, 
and a detailed’ description, illistrated with coloured 
plates and wood engravings, will be found in the 
Appendix. 
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vill “PREFACE TO THE THIRD EDITION. 


The author trusts that this manual will continue 
to be of use to students and practitioners in both 
the medical and veterinary professions. 

For references to recent literature, the author 
again takes the opportunity of calling attention to 
Professor Baumgarten’s invaluable annual. 


EDGAR M. CROOKSHANK. 


24, MANCHESTER SQUARE, LONDON, W. 
October 28th, 1890. 


PREFACE 
TO THE SECOND EDITION. 


Tue fact that a new edition of this manual was 
called for a few months after its publication, has 
induced the author to extend its scope in the 
hope of adding to its usefulness. 

The work has not only been revised throughout 
and brought up to date, but, in order to admit 
of a more concise arrangement of the species, the 
Systematic part has been recast. 

Additional chapters have been written upon the 
General Morphology and Physiology of Bacteria, 
upon Antiseptics and Disinfectants, and Immunity. 

Seventy-three illustrations have been added. 
Those not duly acknowledged as coming from 
other sources were drawn on the wood by the 
author from his own preparations. 

A list of references to works on Bacteriology, 
which was not ready for the fisst edition, has now 
been completedeandextended. It has no pretension 
to be a complete bibliography, but being arranged 
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as much as possible in accordance with the chapters, 
and in chronological order, may be useful to those 
seeking further details. No doubt Professor Baum- 
garten’s /akresbericht, the first number of which 
has been issued this year, will be found a valuable 
guide to current literature in the future. 

The author desires again to express his ac- 
knowledgments to Professor Gerald Yeo and 
Mr. Herroun, of King’s College, London. 

EDGAR M. CROOKSHANK. 


24, MANCHESTER SQUARE, W. 
December, 1886. 
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DESCRIPTION OF PLATES. 


PLATE I. (Facing page 18.) 
Bacteria, Schizomycetes, or Fission fungi. 


Cocci singly and varying in size. 

Cocci in chains or rosaries (streptococcus). 

Cocci in a mass or swarm (zoogloea). 

Cocci in pairs (diplococcus). 

Cocei encapsuled (Bacterium pneumonia crouposa) 
Cocci in groups of four (merismopedia). 

Cocci in packets (sarcina). 

Bacterium termo, 


. Bacterium termo, x 4000 (after Dallinger and Drysdale). 
. Bacterium lineola, 


Bacillus subtilis. 


. Bacillus tuberculosis. 
. Bacillus lepra. 
. Bacillus malaria (after Klebs). 


Bactilus typhosus (after Eberth). 


. Spirtlium undula (after Cohn). 


Spirtlum volutans (after C8hn). 

Spirilism cholere Asiatice : from an artificial cultivation. 

Spirilium Obermeteri (after Koch). ® 

Spirochate plicatilis (after Fliigge). 

Vibrio rugula (after Prazmowski). 

Cladothrix Farsters (after Cohn). 

Cladothrix dichotoma (after Cohn). 

Monas Okent: (after Cohn). 

Monas Warmingit (after Cohn). 

Rhabdomonas rosea (after Cohn). 

From a cover-glass preparation of blood from the spleen of a mouse which 
had died of anthrax; staingd with fuchsine (Zeiss’ yy 0.1, Oc. 4). 

From a drop-cultivation of Bactiius antAracis Zeiss’ y's 0.1. Oc. 4). 

From a cover-glass *impression-preparatioh of a potato-cultivation of 
Bacillus anthracis (Zeies’ 7, 0.1, Qc. 4). 

From a preparation of Bacillus anthracis, cultivated in nutrient gelatine 
(torula-form). 

Involation-form of Crenothrix (after Zopf). 
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HG. 

32. Involution-forms of Vibrie serpens (after Warming). 

33. Involution-forms of Vibrio rugula (after Warming). 

3. Involution-forms of Clostridium Polymyxa (after Prazmowski). 

35. Involution-forms of the Spiridium cholere Asiatice, from an artificial 
cultivation. 

36. Involution-forms of Bacteriam aceti (after Zopf and Hansen). 

37. Spirulina-form of Bepgriatos alba (after Zopf). 

38. Various thread-forms of Bacterium merismopediordes (after Zopf). 

39. False-branching of Cladothrix (after Zopf). 


PLATE IT. (Facing page 76.) 
1. Micrococcus tetragonus.—From a section of a kidney of a mouse 
* which had died in eight days, after inoculation subcutaneously with a 
pure cultivation. Encapsuled tetrads, isolated and in masses, were 
found in the kidneys, lungs, and other organs. Stained with Gram’s 
method (gentian-violet) without a contrast stain. x 1500. 

2. Micrococcus pyogenes aureus (Staphylococcus pyogenes aureus).— 
From a section of the liver of a rabbit. A small vessel is shown plugged 
with cocci. From small abscesses in the liver, cultivations were obtained 
of the characteristic yellow coccus of pus. Stained with Gram’s method 
(gentian-violet) without a contrast stain. x 1500. 


PiaTE III. (Facing page 78.) 

1, Bacillus tuberculosis.—From a cover-glass preparation of tubercular 
pus. Stained with Ehrlich’s method (fuchsine and methylene-blue). 
x 1500. 

2. Bacifius lepree.—From a section of a kidney from a case of leprosy. 
Stained with Ehrlich’s method (fuchsifie and methylene-blue). In the 
centre of the field is a glomerulus with a collection of the leprosy 
bacilli. x 400. € 

PuLaTe LY. (Facing page 88.) 


1. Spirillum cholere Asiaticze (Comma-baccillus of Koch).—Tube 
inoculated from a plate-cultivation. The growth in this case was very 
striking. The funnel-shaped area of liquefaction, enclosing an air- 
bubble, and the white thread*along the needle-track, are in marked 
contrast to the appearances, under similar conditions, of the comma- 
bacillus in Cholera nostras (p. 288). 

2. Bacterium cholere gallinarum (Afcroceus cholera gallinarum ; 
Microbe du choléra des peules).—Thbe inoculated from the blood of 
a hen which had died ef so-called chicken-cholera. After several days 
the growth forms a very delicate, finely bgaded thread. 

3. Micrococcus cereus albus (StaphylococesA cereus albus).—Tube 
inoculated from the pus of a subcutaneous abscess in a rabbit. The 
growth assumed a nodular appearance slong the needle-track. 
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PLaTE V. (Following Plate IV.) 


1, Micrococcus tetragonus,—Tube inoculated from a plate-cultivation 
of bacteria in sputum. The cultivation. consisted of a milk-white growth 
heaped up on the surface of the gelatine, and growing freely along the 
upper part of the needle-track. 

2. Bacterium pneumonizw croupose (Micrococcus pneumonia 
croupose ; Friedlander’s pneumo-coccus).—Tube inoculated from pneu- 
monic exudation. The growth, in nutrient gelatine, in the form of a 
round-headed nail, is not by itself distinctive. 

. Saccharomyces niger (8lack torula).—Tube inoculated from an old 
contaminated nutrient-gelatine cultivation. The growth, isolated and 
reinoculated, formed a black crust on the surface of the gelatine, In 
some of the tubes little separate centres of growth occurred in the upper 
part of the track of the needle. 


Te 


PLATE VI. (Following Plate V.) 


1. Bacillus pyocyaneus (Bacterium aruginosum ; Bacillus fluorescens) 
—Tube inoculated from pus. The gelatine was liquefied, and appeared 
green by transmitted and orange by reflected light. 

2. Sarcina lutea.—Tube inoculated from a colony which occurred on 
potato exposed to the air. The gelatine was partially liquefied, and a 
canary-yellow growth had subsided to the bottom of the liquefied 
layer. 

3. Bacillus anthracis.—Tube inoculated from the blood of a mouse 
which had died of anthrax. The typical growth which occurs in a 
few days is shown on p. 318. In this figure the appearance after 
three weeks is represegted. The gelatine was completely liquefied, 
and a flocculent mass had subsided to the bottom of the tube. 


Pate VII. (Following Plate VI.) 


1. Sarcina lutea.—In this tube and the two adjacent ones, the inocula- 
tions were made by thrusting the needle into the nutrient agar-agar. 
In all three cases the growth on the surface, freely exposed to air, 
developed a characteristic pigment, while the growth in the track of 
the needle was scanty and coldurless, 

2. Bacterium indicum (Mrcrecoccus indicus, Koch; Bacellus tnaicus, 
Fligge). 

3. Saccharomyces rosaceus (Pink torula). 


LJ 
PLage WILL. (Following Plate VIL) 


1. Bacterlum indicum (Aficrococcus indicus, Koch ; Bactllus indicus, 
Fliigge).—Tube inoculated from a nutrient agar-agar plate-cultivation. 
By plate-cultivation, or by succussive cultivation on potatoes, a pure 
cultivation can be obtained. The growth has then the colour of red 
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Fig. 
sealing-wax, and a peculiar crinkled appearance. After some days 
the growth loses its bright colour, and becomes purplish, like an old 
cultivation of Bacterium prodigiosum. 

3. Bacillus cyanogenus (Bacterium syncyanum ; Bacillus of blue milk), 
—-Tube inoculated from a potato-cultivation, The bacillus forms a 
whitish layer, and colours the nutrient agar-agar a smoky brown, 

3. Bacterium prodigiosum (Momnas fprodigiosa; Micrococcus prodi- 
gtosus, Cohn; Bacillus predigiosus, Fliigge ; Blood rain).—Tube 
inoculated from a potato-cultivation. The bacterium grows very 
rapidly, forming a blood-red growth, which gradually acquires a 
purplish colour. 


® PLATE IX, (Following Plate Vill.) 


1. Sarcina lutea.—Tube of nutrient agar-agar inoculated from a plate. 
cultivation. The canary-yellow colour forms a strong contrast to the 
colour of the growth in the adjacent tube. 

2. Micrococcus pyogenes aureus (Staphylococcus pyogenes aureus).— 
Tube inoculated from an abscess in a rabbit. 

3. Bacillus pyocyaneus (Bacillus fluorescens ; Bacterium aruginosum), 
—Tube inoculated from a colony on a plate-cultivation The growth 
formed a whitish, transparent layer composed of slender bacilli, The 
pigment diffused itself throughout the nutrient jelly. The growth 
appears green by transmitted light, owing to the colour of the medium 
behind it. The bacillus is now regarded as identical with the bacillus 
of green-blue pus. 


PLaTE X. (following Pigte IX.) 


1. Bacterium lineola.—Tube inoculated from putrid blood-serum which 
swarmed with Bacterium lineola@ The same bacteria were found in 
the cultivation. 

2, Micrococcus rosaceous.-—Tube inoculated from an old cultivation 
on nutrient agar-agar which had become contaminated. The culti- 
vation, macroscopically resembling pink yeast, consisted of a pure 
cultivation of micrococci. 

3. Micrococcus pyogenes citreus.—Tube inoculated with cocci 
isolated from a subcutaneous abscess in a mouse, 


Puate XI. (Following, Plate X.) 


e 
1, Bacillus anthracis (Agctéridte du charton ; Bacillus of splenic fever, 
wool-sorter’s disease, or malignant pustule).--Tube of nutrient agar-agar 
inoculated with the blood of a sheep which Mad died of anthrax, 
White flecculent patches developed, which were entirely composed of 
threads and spores of the bacilli. 
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2. Bacillus subtilis.—Tube inoculated with bacilli, isolated by plate- 
cultivation, from dust. The bacilli appeared to be identical with the 
hay-bacillus, but in this case formed a peculiar crinkled layer along 
the track of the needle. 

3 Micrococcus cereus albus (Staphylococcus cereus albus).—Tube 
inoculated from the discharge of a subcutaneous abscess in a rabbit. 


PLATE XII. (Facing poge 96.) 

Spirillum of Finkler and Prior (Comma-bacillus of Finkler and 
Prior).—This figure represents the appearance of a plate-cultivation 
of the comma-bacillus from Cholera nostras, when examined over a 
slab of blackened plate-glass. The colonies differ very markedly from 
the colonies of Koch’s comma-bacilli (see p. 285). The drawin was 
made from a typical result of thinning out or attenuating * the colonies 
by the process of plate-cultivation. At this stage they were com- 
pletely isolated one from the other; but later they became confluent, 
and produced complete liquefaction of the gelatine. 


PLate XII. (Following Plate XII.) 


Spirillum of Finkler and Prior (Comma-bacillus of Finkler and Prior). 
—This figure represents the result obtained by a still further thinning 
out of the organisms than in the preceding case. The attenuation had 
been so far carried out that several of the colonies remained completely 
isolated for days. 


PLATE XIV. (Facing page 102.) 


1, Bacterium prodigiosum (Monas prodigiosa ; Micrococcus prodigiosus, 
Cohn; Bacsllus prodigiosus, Fligge; Blood rats).—Growth on potato 
after three days. . 

2 Penicilllum glaucum.—A potato which had been freely exposed to 
the air was covered in three weel® by a growth of Pentcti/ium giaucum. 
The surface of the growth is studded with dew-like drops of moisture. 


Plate XV. (Following Plate XIV.) 


1. Sarcina lutea.—Growth on sterilised potato five days after inoculation 
from a tube-cultivation. Potatoes, especially old ones, have sometimes 
& tendency to become discolouréd, and the brown appearance in this 
figure has nothing to do with the growth of the organisms. 

2. Sacoharomyces rosaceus (fink torula).—Growth on sterilised 
potato which had been inoculated from a colony contaminating a plate- 
cultivation. This yeast de¥elops a cqral-pink colour, but does not grow 
so luxuriantly as the chromogenic bacterin. 





“ The term “attenyation® is applied also to a virus, in the sense of 
weakening or modifying its effect. To avoid confusion the term mitigation 
might be employed exclusively to express this, and affenuation used only 
in the sense indicated above. 
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PLATE XVI. (Following Plate XV.) 

1, Bacillus anthracis (Sactéridie du charion ; Bacillus of splenic fever, 
wou-sorter's disease, or malignant pustule).—The bacillus of anthrax 
grows very rapidly on sterilised potato, especially when placed in the 
incubator at the temperature of the blood. The growth forms a 
creamy-yellow layer, with copious spore-formation. 

a. Bacterium indicum (Micrococcus indicus, Koch; Bacillus indicus, 
Fliigge).—Sterilised potato inoculated with a pure growth obtained by 
successive cultivations. Unless the growth is quite free from the 
presence of other bacteria, the brilliant red colour is not obtained. 


° Pirate XVII. (Following Plate XVI.) 


tand 2. Bacillus cyanogenus (Bacterium syncyanum ; Bacillus of blue 
milk),-—-Potato inoculated from a cultivation in nutrient gelatine. In 
three days a peculiar bluish-green growth develops on the surface of 
the potato, and in nine days it has a heaped-up margin of a bluish- 
green colour, while the central portion has turned almost black. 


PLatTe XVIII. (Facing page 104.) 


1, Bacillus tuberculosis.—Pure cultivation of the tubercle-bacillus on 
blood-serum solidified obliquely. 
2. Pure cultivation on solid blood-serum in a glass capsule. 
3. The same as Fig. 2, examined under a low power of the microscope. x 89. 
4 Impression-preparation showing the peculiar serpentine growth of the 
cologies on blood-serum. x 700. 
(After Koch, Afitiheil. a. d. Kaisegl. Gesundh. Amt.) 


Pirate XIX. (Facing page 228.) 


1. Streptococcus pyogenes.—From a microscopical specimen prepared 
from pus from a pyemic abscess. Stained with gentian-violet by the 
method of Gram, and contrast-stained with eosin, x 1200. Powell 
and Lealand’s apochromatic ~z Hom. imm. E. P. 10. 

@. From a microscopical specimen of an artificial cultivation of the strepto- 
coccus in broth. Complex thains with elements dividing both 
longitudinally and transversely, and varying considerably in size in 

« different Jengths of the same chain. x 1200. Powell and Lealand's 
apochromatic ~y Hom. imm. E. P. 10. | 


e 
PLATE XX. (Facing page 309.) 

1, Bacillus lepre.—From a section of the gkin of leper. The section 
is, almost in its entirety, stained red, and, with moderate amplification, 
has a finely granular appearance. Stained with Ehrlich’s method 
(fuchsine and methylene-blue). x 200. 
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FIG. 

2. Part of the same preparation with high amplification, showing that the 
appearances described above are due entirely to an invasion of the 
tissue by the bacilli of leprosy. x 1500. 


PLATE XXI. (Facing page 308.) 


tr. Bacillus tuberculosis.—From a section of a lymphatic gland of a 
foetal calf. The preparation was stained by the Ehrlich-Koch method 
(methyl-violet and bismarck-brown), and eosin. The giant cell takes 
the eosin stain, the nuclei are stained brown, and the bacilli blue. 
In the interior of the giant cell are numerous coloured grains, the 
significance of which is not known, and a number of tubercle-%acilli, 
x I§00. 

For the material from which this preparation was made the author is 
indebted to Professor Johne, by whom an account of this case was 
published, ‘‘ Ein Zweifelloser Fall von Congenitaler Tuberkulose,’’ 
Fortsch. d. Med., 1885, No. 7, p. 198. 

2. From a section of a lung of a rabbit after inoculation with tubercular 
sputum. Caseous areas are seen, and masses of bacilli showing distinct 
beading. Stained by the Ehrlich-Koch method (methyl-violet) without 
a contrast stain. x 1500. 


PLATE XXII. (Following Plate XX.) 


1, Bacillus tuberculosis.—From a section of the liver of a tubercular 
hen. With a moderate power the areas of caseation and the topo- 
graphical distribution of the bacilli can be studied. Stained with the 
Ehrlich-Koch method (methyl-violet and bismarck-brown). x 400 

2. From the same preparation with ‘high amplification, showing that the 
parts stained blue consist entirely of bacilli. = 1500. 


PLATE XXIII. (Facing page 316.) 


1. Baoillus anthracis (Bactéridir du charton ; Bacillus of splenic fever, 
wool-sorter’s disease, or malignant pustule).—From a section of the 
mucous membrane of the stomach of a mouse. The glandular capil- 
laries are mapped out by the bacilli. Stained by the method of Gram 
(gentian-violet), and ¢osia. x 500, 

2. From a section of a kidney of a mouse. | Under a low power the pre- 
paration has exactly the appearance of an injected specimen. Under 
higher amplifivation “the bacilli are seen to have threaded their way 
along the capillaries between the tubules, and to have collected in 
masses in the glomeruli, Stained with Gram’s method (gentian- 
violet), and eosin. x §00, 


¢ 
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: PLATE XXIV. (Following Plate XXIII.) 
1G. 


1. Bacillus anthracis (Bactéidie du charbon ; Bacillus of splenic fever, 
wool-sorter's disease, or malignant pustule).—From a section of the 
liver of a mouse which had died after inoculation with a pure cultiva- 
tion of the bacillus. The bacilli are seen to have threaded their way 
between the liver-cells. The preparation is triple-stained by combining 
the methods of Weigert and Orth. ~ 500. 

2. Bacillus anthracis and Micrococcus tetragonus.—From a 
section of a lung of a mouse which had been inoculated with anthrax 
three days after inoculation with Micrococcus tetragonus. A double or 
mixed infection resulted. Anthrax-bacilli occurred in vast numbers, 
ecompletely filling the small vessels and capillanes, and in addition 
there were great numbers of the characteristic tetrads. Stained with 
Gram’s method (gentian-violet), and eosin. x 5@0. 


PLATE XXV. (Faceng page 332 ) 

. Bacillus of septicemia of mice —-From a section of a kidney of a 
mouse which had died afte: inoculation with a pure cultivation of the 
bacillus. With moderate amplification, the white blood-corpuscles 
have a granular appearance. and iregular granular masses scattered 
between the hidney tubules are seen, Stained with Gram’s method 
and eosin x 200. 

Part of the same preparation with high amplification. The granular 
appearances are found to be due to the presence of great numbers of 
extremely minute bacilli x 1500. 


ae 
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PLATE XXVI. (Faceng page 334.) 

Bacillus of swine-erysipelas (Bacillus of German swine-fever).— 
Pure cultivation in nutnent gelatine. The growth is stated to be identical 
with that of the bacillus of septicemia in mice. 

Colonies on a plate-cultivation. 

Cover-glass preparation of blood from an inoculated pigeon. 

(After Schutz, 476. a. d. Kats. Gesundh. Ami, Bd. I. 
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PLAIE XXVII. (Pacing page 344.) 
1, Bacillus figurans (Sacterzum Zopft).—From an impression-prepara 
tion of a growth on the surface of nutrient gelatine. x 50. 
2. Part of the same preparation with high amplification, showing that the 
coils and filaments of the growth art due to a pecuhar and regular 
arrangement of the indiyidual bacilh, * 1500. 


PLATE XXVIII. (Facing page 368,) 
1. Yeast fungi, or saccharomycetes; and mould fungi, or 
hyphomycetes.—Actinomyces teased out in the fresh state and 
stained with eosin, 
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FIG. 
2. Zorula cevevisie (after Rees). 
3. Saccharomyces mycoderma, or ordium albicans, from an artificial cultiva- 
tion (after Grawitz). 
4. Seprolegnia (after Sachs). 
5. Osdisem lactis (after Fliigg ). 
6. Fungi of favus, or otdium lactis (after Neumann). 
7. Penicillium glaucum (after Flugge). 
8. Aspergillus niger, from a preparation mounted in glycerine. 
9. Aspergillus niger, from the same preparation (Zeiss zz 0.1.). 
10. Aspergillus glaucus (after De Bary). | 
11, Botrytis Basstana (after De Bary 


PLAIE XXIX. (Ficing page 384.) 


1. Actinomyces (bovis).—From a section of a maxillary tumour in a 
cow. Stained by Weigert’s method (orseille and gentian-violet). x goo. 

2. From a section of the lung of a cow. The rosettes are much smaller, 
possibly owing to their being more confined by their surroundings than 
when growing in the soft pulpy tissue of the maxillary tumour. They 
are here shown with high amplification, but under a power of about 50 
diam. (Zeiss A.A. Oc. 2) the section of a lung resembles mihary tuber- 
culosis, and in the centre of a neoplasm the rosette appears about the 
size of a pin’s head. Stamed with Weigerts method (orseille and 
gentian-violet } x 500. 


PLATE XXX. (Follounng Plate XX1IX.) 


1, Actinomyces (bovis)g—From a section of a maxillary tumour in a 
cow. Stamed by Plaut’s method (magenta and picric acid). x go. 
Note.—Neelsen’s solution may bg used instead of magenta solution. 

2. Part of the same preparation, with higher amplification. The fungoid 
masses are very deeply stained by this method. The component club- 
shaped elements and their radiate arrangement are clearly shown. 
x 500. 


PLATE XXXI. (facing page 390.) 


1, Actinomyces (hominis).—From a preparation of the grains fiom 
an actinomycotic abscess in a boy. Examined in glycerine. The 
drawing has been made of a complete rosette, examined by focussing 
successively the central and periphétal portions. Towards the centre 
the extremities of*the clubs are alone vifible ; they vary in size ; and if 
pressed upon hy theecover-glass, give the appearance of an irregular 
mosaic, Towards the periphery the clubs are seen in profile, and their 
characteristic form recognised. At one part there are several elongated 
elements, composed of separate links, * 1200, 
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FIG. : 
2. Different forms of clubs from preparations in which the rosettes have been 
fiattened out by gentle pressure on the cover-glass, x 2500. 
(a) Single club. 
(4) Bifid club. 
(c) Club giving rise to four secondary clubs, 
(@) Four clubs connected together, recalling the form of a branch of 
bananas. 
{e) Mature club with a lateral bud. 
(f) Apparently a further development of the condition represented at (¢), 
(g) Club with a lateral bud and transverse segmentation. 
(4) Single club with double transverse segmentation. 
(8) Club with oblique segmentation. 
*Y ) Collection of four clubs, one with lateral gemmation, another with 
oblique segmentation. 
(4) Club with lateral buds on both sides, and cut off square at the 
extremity. 
(7) Club with a daughter club which bears at its extremity two still 
smaller clubs. ) 
(m) Club divided by transverse segmentation into four distinct elements, 
(#) Elongated club composed of several distinct elements. 
(0) and (~) Clubs with terminal gemmation. 
(g) Palmate group of clubs. 
(7) Trilobed club. 
(s) Club with apparently a central channel. 
(¢) Filament bearing terminally a highly refractive oval body. 
: Piate XXXII. (Facing page 392.) 

1, Actinomyces (hominis),—From cover-glass preparations of the 
fungus teased out of the new growths produced by inoculation of a calf 
with pus from a boy suffering from pulmonary actinomycosis. Stained by 
Gram’s method and orange-rubin. The threads are stained blue and the 
clubs crimson, In the younger clubs the thread can be traced into the 
interior of the club. In some of the older clubs the central portion 
takes a yellowish stain, and in others the protoplasm is not continued as 
a thread, but is collected into a spherical, or ovoid, or pear-shaped mass, 
in others, again, irregular grains stained blue are scattered throughout 
the central portion. 

2, From a section of a portion of the growth removed froth a hoy during life, 
The tissue was hardened in alcohol, afld cut in celloidin. The section 
was stained with Gram’g method and otange-rybin. There are several 
rosettes, surrounded by granulation tissue. 

3. A mass of extremely fine filaments occupies the central part of the rosette, 
Many of the filaments have a terminal enlargement. The marginal part 
shows a palisade of clubs stained by the orange-rubin. x S00, 


BACTERIOLOGY 


INTRODUCTION. 


THE GERM THEORY. 


THE researches of Pasteur into the vé/e played by 
micro-organisms in the processes of fermentation 
and putrefaction, and in diseases such as anthrax, 
the silkworm malady, pyzmia, septicemia, and 
chicken cholera, have invested the science of 
Bacteriology with universal interest and vast im- 
portance. “The furthtr researches of the practical 
mind of Lister, with the resulting evolution of 
antiseptic surgery, have demonstrated the necessity 
for a more intimate acquaintance with the life- 
history of these micro-organisms; while the more 
recent investigations which have established the 
intimate connection between bacteria and infective 
diseases, and more especially the discovery by Koch 
of the tubercle and cholera’ bgcilli, have claimed 
the attention of the, whole thinking world. 

Those bacteria which are connected with disease, 


and more especially those which have been proved 
I 
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to be the causa, if not the actual matertes morbi, 
are of predominant interest and importance. 

The first attempt to demonstrate the germ theory 
of disease dates back almost to the discovery of 
the microscope. Athanasius Kircher, nearly two 
and a half centuries ago, expressed his belief that 
there were definite micro-organisms to which dis- 
eases were attributable. The microscope had 
revealed that all decomposing substances swarmed 
with countless micro-organisms which were invisible 
to the naked eye, and Kircher sought for similar 
organisms in diseases which he considered might 
be due to their agency. The microscope which 
he described * obviously could not admit of the 
possibility of studying, or even detecting, the micro- 
organisms which are now known to be associated 
with certain diseases; and it is not surprising 
that Htis teachings did not at the time gain much 
attention. They were destined, however, to re- 
ceive a great impetus from the discoveries which 
emanated from “the father of microscopy.” 

Antony van Leeuwenhoek had learned as a 
youth to grind and polish lenses, and later in life 
employed his spare time in constructing micro- 
scopes, and in conducting those researches which 
have made for him a name which is familiar to 
all microscopists. « His researches were published 
in a series of letters to the ‘Royal Society. In 


1675 he described extremely minute organisms in 
* Ars Magna Lucts et Umbra, 1646. 
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rain-water, well-water, infusions of pepper, hay, and 
other vegetable and animal substances, in saliva, 
and in scrapings from the teeth; and, further, he 
was able to differentiate these minute living things 
by their size, their form, and the character of their 
movements. In 1683 these discoveries were illus- 
trated by means of woodcuts, and there can be 
little doubt, from the drawings of these micro- 
organisms, that they are intended to represent 
leptothrix filaments, vibrios, and spirilla. Indeed, 
we can almost recognise these micro-organisms as 
bacteria from Leeuwenhoek's graphic descriptions, 
apart from his figures. They were described as 
moving in the most characteristic manner, pro- 
gressing with great rapidity, or spinning round 
like a top, and as so excessively minute that they 
were only perceived with great difficulty. The 
smallest forms could hardly be examined indivi- 
dually; but, viewed ex masse, they closely resembled 
a swarm of gnats or flies. * In another communica- 
tion, published in 1692, he gives some idea of the 
size of these animalcules by stating that they were 
a thousand times smaller than a grain of sand. 
Others which, comparatively speaking, were of 
considerable length, were characterised by their 
peculiar mode of progression, bending and rolling 
on themselves, mevements which, he adds, created 
both delight and astonishment in the mind of the 
observer. Leeuwenhoek himself was not disposed 
to believe in the possibility of such organisms 
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being found in the blood in disease; but as soon 
as he had proved the actual existence of such 
minute creatures, theoretical physicians were not 
wanting who at once attributed various maladies 
to their agency. Among these, Nicholas Andry 
is made conspicuous by his work published in 
1701.* Andry classed the minute organisms dis- 
covered by Leeuwenhoek as worms. 

In 1718 Lancisi believed that the deleterious 
effect of the air of malarial districts depended 
upon animalcules, and others considered that 
the plague in Toulon and Marseilles in 1721 
arose from a similar cause. In fact, by some, 
all diseases were attributed to vermicules, and 
this led to the theory being ridiculed and dis- 
credited. 

In spite of adverse criticism, the theory of con- 
tagiuni vivum survived, and Linnzus acknowledged 
“it by placing the micro-organisms discovered by 
Leeuwenhoek, the contagia of specific fevers, and 
the causes of putrefaction and fermentation, into 
one order—“ chaos.” The theory was further sup- 
ported by the writings of Plenciz, who, in 1762,4 
ie — discussed the nature of contagium, as 

‘ Gver, ne proofs in support of 
these theories were forthcoming, eand gradually the 
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idea of contagium vivum fell into obscurity, and 
indeed came to be regarded by some as an absurd 
hypothesis. 

Though a causal relation of animalcules to dis- 
eases was for a time discredited, the natural history 
of these micro-organisms was studied with increas- 
ing interest. In 1778 Baron Gleichen* described 
and figured a great number of micro-organisms 
which he had discovered in various vegetable 
infusions. Joblot, Lesser, Réaumur, Hill, and 
many others worked at the same subject. Hill t 
remarked that there was hardly the least portion 
of matter or the least drop of fluid of any kind 
naturally found in the earth which was not in- 
habited by multitudes of animalcules. But these 
observers inclined rather to searching for new 
forms than to studying more thoroughly those 
which had been already discovered; and,” as a 
result, but little scientific progress was made until 
the time of Miller, of Copenhagen. Miller, in 
1786, criticised the work of these previous writers, 
and pointed out that they had been too much 
ocevpied with merely finding new micro-organisms. 

-Miiller took into account ‘the form of the micro- 
organism, its mode of progression, and other 
_biolagical characters, gnd on such data based a 
iaarunineiin ‘Thus the scientific knowledge of 
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these minute beings was considerably advanced 
by his writings and his illustrations. 

The subject which now eclipsed all others in 
interest was the origin of these micro-organisms. 
Two rival theories were widely discussed—spon- 
taneous generation and development from pre-exist- 
ing germs; and the researches that were made in 
the course of this discussion, and the discoveries 
wkich resulted, indirectly materially advanced the 
germ theory of disease, and explain many of the 
phenomena in the life-history of the pathogenic 
microbes which have been brought to light in 
recent years. 

Spontaneous development of micro-organisms 
in putrescible infusions was believed in by many, 
but was supported by no one with greater per- 
sistency than Needham. Needham found, if meat 
infusion were boiled and transferred to a_ well- 
stoppered flask, that animalcules readily developed, 
and he could only explain this by supposing that 
they originated spontaneously from the material of 
the infusion. In 1768 Bonnet * strenuously op- 
posed these conclusions on purely theoretical 
grounds, and maintained that it was far more 
probable that the ova of the animalcules were 
present in the infusions or were suspended in the 
air enclosed in the flask. 

Spallanzani was the first to, demonstrate by ex- 
periment the correctness of Bonnet's arguments 


* Conssdérations sur les Corps Organisés. 
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It occurred to him to boil the infusion in flasks, 
and fo seal the vessels during the process of boiling. 
As a result the flasks remained free from putre- 
faction, and animalcules only developed when the 
infusion was exposed to the air by making a hole 
in the flask. That Spallanzani’s experiments were 
reliable, and his conclusions correct, was evidenced 
by the fact that his simple precaution led to great 
practical results, as Francois Appert introduced on 
this principle the method of preserving meats, 
vegetables, and other provisions. 

The disciples of Needham nevertheless brought 
forward counter objections. Treviranus urged that 
a certain guantzty and quality of air was necessary 
for the spontaneous development of these infusoria, 
and that by sealing the flasks too small a quantity 
of air was in contact with the infusion, and, further, 
that this air had become changed in quality, by the 
process of boiling. » 

Spallanzani argued against these objections, but 
did not support his opinions by further experi- 
ments, so that the question remained for a time 
undecided. 

In 1836 Francis Schulze devised an experiment 
which brought still further evidence against Need- 
ham's theory. Schulze filled a glass vessel half 
full with distilled water and different animal and 
vegetable substances. This was plugged with a 
doubly bored cork, and through each perforation a 
glass tube was introduced, bent at a right angle. 
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Qn boiling the flask, steam issued freely from 
each tube, and all parts were thoroughly sterilised. 
Each tube was then connected with a bulbed tube, 
one bulb containing concentrated sulphuric acid, 
and the other a solution of potash. By aspiration 
fresh air was drawn into the flask, and this was 
deprived of any germs which might be present 
by its passage through the sulphuric acid. The 
result was that the infusion remained without any 
development of micro-organisms. If, on the other 
hand, air were admitted without first being drawn 
through the sulphuric acid, the infusion in a short 
time teemed with animalcules. In other words, 
Schulze demonstrated that in spite of free access 
to air, which had not been heated, the infusions 
remained free from germs. 

Schwann, in 1837, arrived at similar results. He 
found that putrescible substances remained sterile 
if exposed to an abundant supply of air which was 
heated by being passed through a melted mixture 
of metals. This convinced him that the cause of 
the decomposition which would otherwise have oc- 
curred must exist in the air, 

The objection remained that in the experiments 
of Schulze and Schwann, the air which was ad- 
mitted to the flasks had undergone either a chemucal 
or a thermal change,’ and therefore the theory of 
Needham was not yet entirely disposed of. 

In 1854 the final blow was dealt by Schroeder 
and Van Dusch. These investigators demonstrated 
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that decomposition could be obviated without resort- 
ing either to thermal or chemical treatment of the 
air, as simple filtration of the air through cotton- 
wool was shown to be efficacious in excluding 
germs. Finally, Hoffman, in 1860, and, indepen- 
dently, Chevreuil and Pasteur, in 1861, showed 
that even cotton-wool could be dispensed with, as 
a sterile solution might be kept sterile if the neck 
of the vessel were bent with an S-shaped curve. 
Micro-organisms in the air entering the flask, 
were deposited by gravitation in the bend of the 
tube. 

The advocates of spontaneous generation were 
ready with fresh objections. They now urged that 
the medium lost its power of undergoing decom- 
position by being boiled. This objection was at 
once set aside by the fact that if unfiltered air 
were admitted to the infusion decomposition set 
in. Additional evidénce was brought against spon- 
taneous generation by the experiments of Pasteur, 
Burdon Sanderson, Lister, and others, in which 
it was shown that blood, urine, and milk would 
remain without decomposition, if all precautions 
were adopted to avoid cdntamination in filling the 
sterilised flasks. 

Even at this stage of this great scientific con- 
troversy fresh difficulties arose, for it was found 
that in certain sqlutions which had been boiled 
and hermetically sealed in flasks micro-organisms 
made their appearance. In 1872 Charlton Bastian 
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published a research* which was to prove that 
spontaneous generation actually took place. 

Decoctions of turnip and cheese which had been 
filtered, neutralised, and boiled for ten minutes, and 
hermetically sealed during the boiling, were found 
after a time to contain micro-organisms. These re- 
sults, however, were before long explained by the 
fact that in milk, infusions of hay, and certain other 
decections, the spores of bacilli are present, which 
are much more resistent than the bacilli themselves. 
In such cases mere scalding or boiling for a few 
minutes will not sterilise the solution. The bacilli 
are destroyed, but not their spores ; and if the latter 
remain unhurt, they will germinate, increase, and 
multiply. But if, as Tyndall found, the boiling be 
repeated a second and a third time, all the spores 
will be destroyed ; for in the intervals between the 
boilings the spores sprout into bacilli, and the bacilli 
at the next boiling perish ; so that after three or four 
repeated boilings the infusion is rendered perfectly 
free from germs. 

While this discussion was occupying the attention 
of the whole scientific world, some investigators had 
been again following up the theory of a connection 
between micro-organisms and disease. 

In 1837 Cagniard Latour and Schwann inde- 
pendently made the discovery that the yeast plant 
was a living organism, and the, true cause of the 
fermentation. The close analogy between the 

* Proceedings of the Royai Society. 
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processes of fermentation and of certain diseases had 
long been held; and, therefore, when it was proved 
that fermentation was due to a micro-organism, 
fresh advocates appeared in support of the theory 
that diseases were produced by similar agencies. 
Boehm, in 1838, described certain organisms in 
cholera which was at that time raging in Europe; 
but the publication of Bassi, who a year previously 
had discovered the cause of a disease of silkwerms, 
attracted much greater attention. 

Bassi discovered that in this disease extremely 
minute spores existed on the bodies of the worms, 
which were conveyed from the sick to the healthy. 
They destroyed the healthy worms by germinating 
in their skins and growing into their bodies. These 
discoveries may be said to have brought the theory 
of contagium vivum to life again; and Henle, in 
reviewing the facts of the case in 1840, came to the 
conclusion that the cause of all contagious diseases 
must be of a living nature, and this he maintained, 
although he had searched in vaccine and small-pox 
lymph, in the desquamation of scarlet fever, and 
in other diseases without success. 

Bassi’s discovery and Henle’s doctrine encouraged 
a number of investigators, and remarkable results 
followed. In favus, in herpes tonsurans, in pity- 
riasis versicolor, fungus thfeads and spores were 
found, and were regarded as being of etiological 
importance, inasmuch as the morbid lesions corre- 
sponded with the growth of the particular fungus. 
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Cholera became especially a subject for research. 
Swaine, Brittan, and Budd found micro-organisms 
in choleraic dejecta. Davaine described certain 
monads in the intestinal contents, but no causal 
connection was established between these organisms 
and the disease ; and when the cholera disappeared 
the interest in contagium vivum waned, and 
was eclipsed by the question of fermentation. 
Thee discoveries which followed in this subject 
had, as we shall see, a very important bearing 
on the micro-parasitic origin of communicable 
diseases. 

Pasteur followed up the researches of Cagniard 
Latour and Schwann, and in 1857 demonstrated 
that the lactic, acetic, and butyric fermentations 
were also produced by micro-organisms. 

Previous to this, in 1850, Davaine and Rayer had 
noted the existence of little rod-like or filamentous 
bodies about the size of a bléod corpuscle in the 
blood of a sheep that had died of splenic fever. 
Pollender had seen similar bodies in the blood of 
cOWS. 

Davaine did not pay much heed to his discovery ; 
but in 1863 he thoroughly reinvestigated the sub- 
ject, and conducted a series of experiments which 
ied him to the conclusion that the actual cause of 
splenic fever was an organised being whose presence 
and multiplication in the blood produced changes in 
that fluid of the nature of fermentation, resulting 
in the death of the animal. 
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These conclusions were not accepted by all; and, 
indeed, the evidence was so far incomplete that 
the sceptic was justified in considering that these 
experiments afforded only a working hypothesis. 
But Davaine’s comparison between this disease 
and fermentation attracted the attention of Pasteur 
whose mind had been fully trained for entering 
upon this investigation by the researches which 
he had been carrying on in the interval betWeen 
Davaine's publications of 1857 and 1863. 

Pasteur, as already mentioned, had been working 
at fermentation, and his attention was next directed 
to studying the so-called diseases of wines, and 
subsequently to a contagious disease which com- 
mitted ravages among silkworms. By laborious 
researches Pasteur was able to confirm the belief 
that the disease was due to the presence of micro- 
organisms only discernible with the aideof the 
microscope. These‘oval shining bodies in the moth, 
worm, and eggs had been previously observed by 
Cornalia, and described by Naegeli as Nosema 
bombycis, and by Lebert as Panhistophyton. But 
it was reserved for Pasteur to introduce a means 
of combating the disease. Pasteur showed that 
if a silkworm, whose body contained these micro- 
organisms, were pounded up with water in a mortar, 
and the mixture, painted with a brush on the leaves 
on which healthy,worms were fed, they would all 
without fail succumb to the disease. 

As the contagious particles were transmitted to 
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the eggs, a method for preventing the spread of 
the disease suggested itself. Each female moth 
was kept separate from the others, and allowed to 
deposit her eggs on a small linen cloth. The moth 
was then pinned to the corner of the cloth, and left 
for future examination. When the time for this 
arrived, the moth was crushed up with water in a 
mortar, and a drop examined under the microscope. 
If ahy trace of corpuscular matter were found to 
be present, the cloth with its collection of eggs 
was burnt; and if not, the eggs were set aside 
for use. 

Complete as this appears to be as a demonstra- 
tion of a causal connection between the micro- 
organisms and the disease, it could obviously be 
objected that there was no distinct proof that the 
corpuscular bodies constituted the actual contagium. 
There was no isolation of the organisms, no artifi- 
cial cultivation of them apart from the diseased moth 
or worm, and subsequent .production of the disease 
by means of the isolated organisms. The same ob- 
jection was applicable to Davaine's investigations. 
Davaine found the rods in association with the 
disease, and maintained ‘that they were causally 
related; but others stated that it was possible to 
{noculate animals with anthrax blood containing 
rods, and to produce the disease without being able 
to detect the rods again in the blood of the animal 
experimented upon. It was also urged that it was 
possible to infect with anthrax blood after the rods 
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had disappeared, and to find a reappearance of the 
bacilli in the blood of the inoculated animal. 

What appeared also to lend great support to these 
objections was the well-known fact that anthrax or 
splenic fever was especially prevalent in certain 
seasons and certain localities, The disease, in fact, 
was regarded by some as originating from peculiar 
conditions of climate and soil. The fallacies in 
these objections were, however, rapidly dispeHed. 
Bollinger, in 1872, pointed out that the blood, from 
which the rods had disappeared, was still virulent 
owing to the presence of the spores of the bacillus, 
and that it was owing to the soil being impreg- 
nated with these spores that the disease broke out 
in certain localities. But there still remained many 
who refused to regard these particles as living 
bodies, some looking upon them simply as crystals, 
and the question of their importance remained un- 
decided for several Years. 

In 1877 Robert Koch, published a memoir in 
which he fully described the life-history of the 
anthrax or splenic fever bacillus, and gave a com- 
plete demonstration of the life-history of the micro- 
organism, and the definite proofs of its pathogenic 
properties. He pointed out how quickly the rods 
grew in the blood and tissues by lengthening and 
by cross division, Further, that in the blood or in 
serum or in aquequs humour they grew into long 
leptothrix filaments, and formed numerous shining 
spores, He traced, by continuous observation on 
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the warm stage, the whole life cycle from the fission 
of the rods to the formation of spores and the 
sprouting of the spores into fresh rods. Further, 
he carried on the disease by inoculating from mouse 
to mouse for several generations, and observed that 
in the blood of the animal and in the swollen spleen 
the glass-like rods were always to be found. 

Pasteur also studied the microbe of splenic fever, 
and amply confirmed and extended the observations 
of Koch by his researches on the attenuation of the 
anthrax virus. 

Pasteur also met with adverse criticism. Paul 
Bert argued that the bacilli were of no importance, 
because he could destroy them by exposing material 
containing them to great pressure, and yet the ma- 
terial produced the disease on inoculation. But such 
measures did not destroy the spores ; and finally Paul 
Bert was convinced of his error when Pasteur demon- 
strated cultures of the anthrax bacillus in urine, from 
which successive generations were started, and that 
with such cultivations the disease could always be 
produced. 

It was, however, principally the researches of Koch 
which placed the doctrine of contagium vivum on a 
scientific basis. 

Koch's improvements in the methods of cultivation, 
his recommendation of the necessary microscopical 
apparatus, his histological methods for examining 
these minute organisms, and his famous postulates 
for proving beyond controversy the existence of 
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specific pathogenic micro-organisms, elevated the 
theory of contagium vivum to a demonstrated 
and established fact. The chain of evidence 
regarded by Koch as essential for proving the 
existence of a pathogenic organism was composed 
as follows :— 

1. The micro-organism must be found in the blood, 
lymph, or diseased tissue of man or animal suffering 
from or dead of the disease. ‘ 

2. The micro-organisms must be isolated from the 
blood, lymph, or tissues, and cultivated in suitable 
media, z¢., outside the animal body. These pure 
cultivations must be carried on through successive 
generations of the organism. 

3. A pure cultivation thus obtained must, when 
introduced into the body of a healthy animal, pro- 
duce the disease in question. 

4. Lastly, in the inoculated animal the same micro- 
organism must again be found. 

It is, however, impossible by localising one’s 
knowledge to pathogenic. species to thoroughly 
understand the life-history of these particular 
forms, or to be able to grasp and appreciate the 
various arguments and questions that arise in 
comparing their life-history with the progress of 
disease. 

Nor is it sufficient to know’only how to recognise 
and artificially cultivate a bacterium associated with 
disease ; we must endeavour to establish the exact 
relationship of the bacterium to thedisease in question. 

2 
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The determination of the true pathogenic microbe 
is beset with fallacies. In many diseases bacteria have 
been regarded as the actual contagia, until a searching 
inquiry by other investigators has shown that the 
evidence was most unsatisfactory or entirely mis- 
leading. For example, in diseases with lesions of 
the external or internal linings of the body, extra- 
neous micro-organisms may get into the circulation 
and be swept into the internal organs, where they 
either perish in the battle with the healthy tissues 
which are opposed to their existence, or they may 
gain the upper hand and set up destructive processes. 
Such organisms, when found in association with 
these diseases, may be discovered in the blood 
and internal organs; and though accidental epi- 
phytes, often associated with septic complication, 
they may only too readily be accepted by the 
enthugjast as the actual contagium of the disease 
in question. ‘ 

It is only when such fallacies are exposed that 
we are brought once more face to face with the 
fact that the nature of the contagium in many 
diseases, such as hydrophobia, variola, vaccinia, 
scarlet fever, and measles, is at the present day 
undetermined. 

Such cases invite further research; but these 
fallacies must be borhe in mind, or the application 
of bacteriology to the elucidation of the germ theory 
of disease will not only be misleading, but tend t6 
retard rather than assist the progress of science. 


a @ s ® 
a a @ dy 
ns on 






& 
Puy # Pig 5 Fig 6 Pig 7 
Pig it fg ie “a 14 Te 
4 +, . a 
ets zg 
eee | 
Pig 18 fie 44 ae 






‘ i : \ / 

Adaaid WV 

| (tet 

Bre 37 | fig Se H : \ 
e f { 

—" mint 

K Ss ea? | : : \ 
Fig 36 ’ Fg St Big 39 


Fig 33 


BACTERIA, SCHIZOMYCLTES OR FISSION- FUNGI 


THE GERM THEORY. 19 


Koch's postulates naturally suggest a sequence in 
the various processes which must be adopted in a 
practical study of micro-organisms associated with 
disease. Inasmuch, however, as these processes 
embrace those which are employed in the isolation, 
cultivation, etc., of non-pathogenic species, we shall, 
in studying the bacteria as a whole, adopt the order 
suggested. After an introduction to the apparatus 
commonly employed in a bacteriological laboratory, 
we shall describe the methods of examining liquids, 
tissues, etc., and the means of recognising micro- 
organisms. Then will follow the methods of isolat- 
ing these micro-organisms from such liquids, tissues, 
etc., and of carrying on pure cultivations in nutrient 
media. Lastly, we shall refer briefly to experimental 
researches on the living animal, and the means of 
isolating micro-organisms from the liquids and tissues 
of the body after death. - 

In Part II. will” be found chapters upon the 
General Biology of bacteria, and in Part III. a 
chapter upon their classification, followed by a 
description of each species, more particularly of 
those of pathological interest, with a detailed 
account of the special methods of examination and 
of staining employed for demonstrating the different 
species. ° ? 

In the Appendix a descriptive list of important 
yeasts and moulds. will be given, with any special 
technique required in theircase. Yeasts and moulds 
are constantly encountered in the investigation of 
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the bacteria in air, soil, and water; and several are 
of interest in being, like many bacteria, micro- 
organisms associated with disease. An account is 
given of Actinomycosis, of Flagellated Protozoa 
which have been found in the blood of animals, 
and of the micro-organisms associated with malaria. 


PART IT. 
sENERAL METHODS 


CHAPTER I. 


APPARATUS, MATERIAL, AND REAGENTS 
EMPLOYED IN A BACTERIOLOGICAL LABORATORY. 


(A) HISTOLOGICAL APPARATUS. 


Microscope.—For the investigation of micro- 
organisms a good microscope with oil-immersion 
system and a condenser, such as Abbé’s, is essential. 
Such instruments are supplied by Leitz, Zeiss, and 
Hartnack in Germany, and Powell & Lealand, 
and Swift & Son, in England. Zeiss’ microscope, 
with y, and ;, oil-immersion lenses, or Powell & 
Lealand’s, with y; and 3, is recommended for 
investigators ; while Swift's or Leitz’, with 7, is a 
serviceable and economical one for students.* In 
addition to the usual microscopic fittings, Zeiss 
supplies a micrometer eyepiece, with directions for 
use. Some such arrangement is essential for the 
measurement of bacteria. Other accessories to the 
microscope are— 

A large bell-glass for éovering the microscope when not 


in use. e . 
About a foot square of blackened plate-glass. 








* Leitz’, with dy costs about £15 ; Zeiss’, with the same, £30, and 
with yy, £20 more. Refer to toot-note on p. 61. 
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A white porcelain slab of the same size. 

Glass bottles with ground-glass stoppers, for alcoholic 
solutions of aniline dyes, etc. 

Glass bottles with funnels, for aqueous solutions of the 
dyes, and others provided with pipettes. 

A small rod-stoppered bottle of cedar oil. This is 
recommended by Zeiss in preference to other oils for his 
immersion lenses. 

Set of small glass dishes or capsules, and watch-glasses 
for section staining, etc. 

Stock of best glass slides, in packets of fifty. 

Several boxes of round and square thin cover-glasses, in 
various sizes, of the best quality. 

Needle-holders, with a couple of platinum needles, and a 
packet of ordinary sewing-needles. 

Glass rods drawn out to a fine point ; useful for manipu- 
lating sections when acids are employed. 

Copper lifters, preferably plated. 

One pair of small brass or spring-steel platinum-pointed 
forceps, for holding cover-glasses. 

One pair of brass tongs. 

Collapsible tubes for containing Canada balsam; very 
serviceable for transport and general use. 

Turn-table, for sealing cover-glass preparations with rings 
of cement. 

Boxes for preparations, book-form. 

Tickets and labels, various sizes. 

Soft rags or old pocket-handkerchiefs, for removing cedar 
oi] after use of immersion lens, cleaning cover-glasses, etc. 

Chamois leather for wiping lenses. 


Microtome.—Schgnze’s 4s much in favour in 
Germany; but Jung’s, of Heidelberg,* though a 
* Price lists may be obtained from any of the above-mentioned 


firms, from which an idea of the instruments can be formed, and a 
comparison of the prices made. 
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somewhat cumbrous instrument, is preferred by 
others. Smaller accessories, which should be within 
reach, are— 


A small can of sewing-machine oil. 

A soft rag and chamois leather, for wiping the knives 
immediately after use. 

Stone and leather for setting and sharpening the same. 

Two or three camel’s-hair brushes. 


A Freezing Microtome is very useful. The 
method of embedding in celloidin may be used with 
advantage in combination with the ordinary process 
of freezing. 


(B) REAGENTS AND MATERIAL EMPLOYED IN THE 
PROCESSES OF HARDENING, DECALCIFYING, EM- 
BEDDING, FIXING, AND CUTTING OF TISSUES 


Alcohol, absolute. 
Bergamot oil. ° 
Celloidin. 

Dissolved in equal parts of ether and alcohol. 
Cork, or stock of ready-cut corks. 


Ebner’s solution. A mixture in the following 
proportions :— 


Hydrochloric acid . ae 5 
Alcohol . : : . 100 
Distilled water . 20 


Chloride of sodium. , 5° 
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Gelatine. 
Melted in a small porcelain capsule, and set 
aside ready to be re-melted when required for use. 


Ly 


Glycerine gelatine (Klebs). 
Best well-washed gelatine ; 10 
Add distilled water, allow sclatiie 
to swell up, pour off excess of 
- water, melt gelatine with gentle 
heat, add 
Glycerine ; 10 
Lastly, a few drops of seas for ssreseiaration: 


Gum. 


Kleinenberg’s solution. 
Saturated watery solution of picric 


acid. : ; . 100 

Strong sulphuric acid : 2 
Filter and add 
Distilled water : : . 300 
Muller’s fluid. 

Bichromate of potash. 2 
Sulphate of sodium : : I 
Distilled water . 100 


Osmic acid. 
Distilled water =. oe . . 100 
Osmic acid». - le 5 


Paper trays (small or glass-capsules). 
Paraffine. 
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Spermaceti. 
Xylol. 


Hardening and decalcifying solutions should be 
kept in stock in quantities according to require- 
ment. A jacket of brown paper should be pasted 
round a well-stoppered bottle to contain osmic acid 
to efficiently protect it from light, and it should be 
kept in a cool place. The celloidin solution may 
be kept in stock in a wide-mouthed glass bottle, 
from which small wide-mouthed bottles may be 
filled according to the number required. To put 
several pieces of different tissues in the same bottle 
leads to confusion. 


(c) REAGENTS FOR EXAMINING AND STAINING 
MICROSCOPICAL PREPARATIONS. 


1. Acetic acid, strong. 
2. Alcohol, absolute. 

3. Alcohol, 60 per cent. 
4. Alcohol, acidulated. 


Alcohol . . 100 

Hydrochloric acid . : I 
s. Alum carmine (Grenacher). 

Carmine. ~ . ' , 1 

Five per cent. solution of alum 100 


Boil twenty minutes, filter when cold. 
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6. Ammonia, strong. 
7”, Aniline. 
8. Aniline water. 
Distilled water ‘ : 100 
Aniline . . 
Shake well and filter emulsion. 
9. Bismarck brown. 
(2) Concentrated solution in equal parts of gly- 


cerine and water. 
(4) Aqueous solution. 


Bismarck brown : , 2 

Alcohol . . 15 

Distilled water . 85 
10. Borax carmine (Grenacher). 

Borax 2 

Carmine . ; , ; 5 

Distilled water , . 100 


To the dark purple solution add a § per cent. 
solution of acetic acid until a red colour is produced ; 
set aside twenty-four hours, filter, and add a drop of 


carbolic acid. 
rr. Cedar oil. 
12. Eosin. 


(a) Saturated algoholic solution. 

(4) Aqueous solution. 
Distilled water ; . 100 
Eosin. . 5 
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13. Ether. 


14, Fuchsine. 


(a2) Saturated alcoholic solution. 


(46) Aqueous solution. 


Fuchsine 
Alcohol . 
Water 


15. Gentian violet. 


a) Saturated alcoholic solution. 


Aqueous solution. 


Gentian violet 
Distilled water 


2°25 
100 


16. Gibbes’ solution, for double staining. 


Take of 
Rosaniline hydrochlorate . 
Methylene blue 

Triturate in a glass mortar, 


Dissolve aniline oil . 
In rectified spirit 
and add slowly to the above. 


Lastly, slowly add distilléd water 
Keep in stoppered bottle. 


17. Glycerine, pure. 


15 


30 BACTERIOLOGY. 


18. Hematoxylin solution. 
Hematoxylin . 
_ Alcohol . 
Distilled water 
Glycerine 
Alum 


19. Iodine solution. 


lodine, pure 
Iodide of potassium 
Distilled water 


20. Iodine solution (Gram). 


lodine , 
lodide of potassium 
Distilled water 


21. Lithium-carmine solution (Orth). 


Saturated solution of carbonate of 
lithium 
Carmine . 


22. Magenta solution (Gibbes). 


Magenta . 
deniline oil 
Alcohol (Sp. Gr. 830) 
Distilled water 


23. Methylene blue. 


(2) Concentrated alcoholic solution. 


100 
TOO 
100 


tv 


50 


20 
20 
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(4) Aqueous solution. 
Methylene blue 
Alcohol . 

Water 


(c) Koch’s solution. 
Concentrated alcoholic solution of 
methylene blue : 
Ten per cent. potash solution . 
Distilled water 


(@) Loffler’s solution. 
Concentrated alcoholic solution of 
methylene blue : 
Solution of potash I—10,000 . 


24. Methyl violet. 
(2) Concentrated alcoholic solution. 
(4) Aqueous solution. 
Methyl violet ° 
Distilled water 
(¢) Koch's solution. 


Aniline water . 
Alcoholic solution of paethyl viele: 
Absolute alcohol 


25. Neelsen’s solution. 
Dissolve fuchsine  . fe 
In alcohol 
Add a 5 per cent. watery aclutiens of 
carbolic acid. 


15 


200 


30 
I0O 


2°25 
100 


[OO 
Il 
IO 


IO 


100 
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26. Nitric acid, pure. 


27. Orseille (Wed). 


Dissolve pure ammonia-free orseille in 


Absolute alcohol . . 20 
Acetic acid . : ; , 5 
Distilled water. . 40 


until a dark red liquid results : filter. 


28. Picric acid. 
(a) Concentrated alcoholic solution 
(4) Saturated aqueous solution. 


29. Picro-carmine (Ranvier). 


Carmine . : i I 
Distilled water ; . 10 
Solution of ammonia ; 3 
“Triturate, add cold saturated solution 

of picric acid - ; - 200 


30. Picro-lithium-carmine (Orth). 


To above-mentioned lithium-carmine 
solution add 
Saturated solution of picric acid 2 23 


31. Potash solution. . 


(a) 1 to 3 per cent. : 
(6) IO 5, 9 
(¢) 33 » » 
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32. Safranine. 
(a) Concentrated alcoholic solution. 


(6) Watery solution , . I per cent 
33. Sulphuric acid, pure. 

34. Salt solution. . O8 per cent. 
35. Turpentine. 


36. Vesuvin. 
(2) Concentrated alcoholic solution. 


(6) Watery solution. 
Water, distilled. 


Water, sterilised. 


Distilled water can be kept for use in a. wash 
bottle, or far better ¢n a siphon apparatus. Steril- 
ised water is convenient in plugged sterile test-tubes, 
which may be kept close at hand in a beaker, or 
tumbler, with a pad of cotton wool at the bot- 
tom. The xumbered reagents can be conveniently 
arranged on shelves within easy reach. Alcoholic 
solutions of the aniline dyes and other special 
preparations should be, kept in bottles with ground- 
glass stoppers. Aqueous soltitions of the dyes may 
be kept in bottles with funnel filters, and the 
solution filtered before use. To both aqueous and 
alcoholic solutions a few drops of phenol, or a 


34 BACTERIOLOGY. 


crystal of thymol, should be added as a pre- 
servative. For the rapid staining of cover-glass 
preparations, it is convenient also to have the most 
frequently used stains (fuchsine, methyl violet) in 
bottles provided with pipette-stoppers. 


(D) REAGENTS FOR MOUNTING AND PRESERVING 


PREPARATIONS. 
a 


Acetate of potash. 


Concentrated solution. 


Asphalte lac. 


Canada balsam. 
Dissolved in xylol. 


Glycerine gum (Farrant’s solution). 


Glycerine. 

Water. 

Saturated solution of arsenious acid. 

FE qual parts, mix and add of picked gum arabic 
half a part. 


Hollis’ glue. 


Zinc-white. 


(E) DRAWING AND PHOTOGRAPHXC APPARATUS. 


Camera Lucida.—The camera lucida of Zeiss 
is an excellent instrument, though many prefer 
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the pattern made by Nachet of Paris. Combined 
with the use of a micro-millimeter objective, it 
affords also a simple method for the measurement 
of bacteria. 

For drawing macroscopical appearances, and for 
illustrating microscopical specimens with or without 
the use of a camera lucida, the following materials 
should be within reach :— 


Pencils. 

Etching Pens. 

Prepared Indian Ink. 

Water-colour Paints and Brushes. 

Ordinary and tinted drawing paper and other usual 
accessories. 


Photo-micrographic Apparatus. — Zeiss of 
Jena, Seibert & Kraft of Wetzlar, Nachet of Paris, 
and Swift & Son of London, may all be recom- 
mended for constructing an arrangement in which 
the photographic camera is combined with the 
microscope. 

For illumination either sunlight or artificial light 
may be employed. In the case of sunlight a helio- 
stat is necessary to procure the best results; but as 
sunlight is not always available by day, and it is 
also more convenient for many to work at night, 
it is better to have recourse altogether to artificial 
light. Excellent results may*be obtained with an 
ordinary paraffiné lamp, or with magnesium, oxycal- 
cium, or electric light. Specimens are preferably 
Stained yellow, brown, or black, and for mounting 
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the preparations Koch* recommends a saturated 
solution of acetate of potash; but there is little or 
no objection to the use of Canada balsam dissolved 
in xylol. Hauser,t who employed the electric light, 
obtained some excellent pictures of preparations 
mounted in balsam. Van Ermengem ¢ first recom- 
mended the isochromatic dry plates, and produced 
most successful results with the lime-light from 
objects stained with fuchsine and methyl violet. 
The author also has investigated the applicability 
of photographic processes for illustrating micro- 
organisms. Numerous preparations have been 
satisfactorily depicted by means of the isochromatic 
plates without any reference to the staining reagents 
employed. For a full description of the apparatus 
and methods employed the reader is referred to 
the author's publication. 


(F) STERILISATION APPARATUS. 


Steam-steriliser.—A_ cylindrical vessel of tin 
about half a metre or more in height, jacketed 
with thick felt, and provided with a conical cap 
or lid (Fig. 1). The lid is also covered with 
felt, has handles on either side, and is perforated 


* Koch, Verfahren sur Untersughung zum Conserviren und 
Photographiren der Bacterten. 1877. 

+ Hauser, User Faulshss Bactericn und deren Beztehungen zur 
Sepiicamte. 1885. 

¢ Van Ermengem, Budi. de la Soc. Belge de Macroscopic, No. X., 
pp. 170-2. 1884. 

§ Photography of Bacteria. 1887, 
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at the apex to receive a thermometer. Inside 
the vessel is an iron grating or 
diaphragm about two-thirds the 
way down, which divides the in- 
terior into two chambers—the 
upper or ‘“‘steam chamber,” and 
the lower or “ water-chamber.” 
A gauge outside marks the level 
of the water in the lower chamber ; 
this should be kept about two- 
thirds full. The apparatus stands 
upon three legs, and is heated from 
below with two or three Bunsen, or 
better, a Fletcher's burner. It is 
employed for sterilising nutrient 
media in tubes or flasks, for cook- 16. '-Kocs’s 
ing potatoes, or hastening the 

filtration of agar-agar. When the thermometer 
indicates 100 C. the lid is removed, and test- 
tubes are lowered in a wire basket by means of 
a hook and string, and the lid quickly replaced. 
Potatoes or small flasks are lowered into the 
cylinder in a tin receiver with a perforated bottom, 
which rests upon the grating and admits of its 
contents being exposed to the steam. 

Hot-air Steriliser.—A cubical chest of sheet 
iron with double walls, supported on four legs; it 
may also be suspended on the wall of the laboratory, 
with a sheet of asbestos intervening (Figs. 2 and 3). 

It is heated with a rose gas-burner from below, 
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and the temperature of the interior indicated by a 
thermometer inserted through a hole in the roof; 
in a second opening a gas regulator can be fixed. 
Test-tubes, flasks, funnels, cotton wool, etc., may be 
sterilised by exposure to a tem- , 442414) 
perature of 150° C. for an hour 9“ at : 
or more. : 
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Fic. 3.-—SEcTION 
Fic. 2.—Hot-arr STERILISER. oF Hot-air STERILISER. 
(c) APPARATUS AND MATERIAL FOR PREPARING AND 
STORING NUTRIENT GELATINE AND NUTRIENT 
AGAR-AGAR. 


Water-bath.—A water-bath on tripod stand is 
required for boiling ,the ingredients of nutrient 
jellies and for general purposes. .The lid may be 
conveniently composed of a series of concentric 
rings, so that the mouth of the vessel may be 
graduated to any size required. 
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Test-tube Water-bath.—This consists of a 
circular rack for test-tubes within a water-bath. 
It is sometimes employed instead of the steam 
cylinder for sterilising nutrient jelly in tubes, by 
bojling for an hour for three successive days. 

Hot-water Filter.—A copper funnel with 
double walls, the interspace between which is 
filled with hot water. A 
glass funnel fits inside 
the copper cone, the stem 
of the glass funnel passing 
through and being tightly 
gripped by a perforated 
caoutchouc plug, which 
fits in the opening at the 
apex of the cone. The 
water in the cone is heated 
by applying the flame of a 
burner to a tubular. pro- 
longation of the water 
chamber. In a more re- 
cent model, as represented 
in Fig. 4, this prolonga- 
tion is dispensed with, and 





Fic 4 
the temperature is Main- Hort-warer FI-terinc APPARATUS 


. wiITH Rinc BuRNER. 
tained by means ofa , 


circular burner which acts at the same time as a 
funnel ring. 

Glass Vessels.—A number of glass vessels 
should be kept in stock according to requirements. 
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Bohemian hard glass flasks are employed in 
several sizes, for boiling nutrient media. The 
conical forms are especially used in the larger sizes 
for storing nutrient jelly. 

Glass funnels large and small are necessary, not 
only in the processes of preparing nutrient jelly, 
but for filtering solutions of aniline dyes and for 
general purposes. 

‘A liberal supply of test-tubes should always be 
kept in stock, as they are not only employed for 
the tube-cultivations, but can be conveniently used 
for storing bouillon, sterilised water, etc. 

Cylindrical glasses graduated in cubic centi- 
metres, 10 ccm., IT0O0 ccm., 500 ccm., are required 
for measuring the liquid ingredients of nutrient 
jelly, and also in preparing the various staining 
solutions. : 

‘A*large wide-mouthed glass jar, with a glass 
cover, is extremely useful. It must be padded at 
the bottom with cotton wool for containing a stock 
of tubes of sterilised nutrient jelly, and should be 
placed within reach on the working table. 

Balance and Weights.—A balance, with large 
pans and set of gramme weights, is constantly 
required. 

Cotton Wool.—The best or ‘medicated ” 
cotton wool should be procured. . 

Gelatine.— The gelatine for bacteriological 
purposes must be of the very best quality (gold 
label). 
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Agar-agar.—This is also called Japanese Isin- 
glass; it consists of the shrivelled filaments of 
certain Algz (Gracilaria lichenoides and Gigartina 
speciosa).* 

Peptonum Siccum (German). 

Table Salt.—Prepared table salt can be ob- 
tained in tins or packets. 

Litmus Papers.—Blue or red litmus paper 
in cheque books, for testing the gelatine mixture, 
etc. 

Carbonate of Soda.—A bottle, containing a 
saturated solution of carbonate of soda, and 
provided with a pipette-stopper, may be kept, 
especially for use in the preparation of nutrient 
jelly. 

Lactic Acid. 

Filter Paper.— For filtering gelatine stout 
Swedish filter paper of the best quality is recorth- 
mended. : 

Flannel or Frieze.—This is employed as a 
substitute for, or combined with, filter paper in 
the preparation of nutrient agar-agar. 


(H) APPARATUS FOR EMPLOYMENT OF NUTRIENT JELLY 
IN TEST-TUBE AND PLATE-CULTIVATIONS. 


Wire Cages.—These cages br crates are used 
for containing test-tubes, especially when they are 


* Hueppe, Die Methoden der Bakterten Forschung. 1885. 
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to be sterilised in the hot-air steriliser; or for 
lowering tubes of nutrient jelly 
into the steam steriliser, etc. (Fig. 


5). 
Test-tube Stands.—The or- 
dinary wooden pattern, or the 
metallic folding stands, are called 
Pee into use for holding cultivations. 
Fic. .—Wire Cace Pegged racks are also recom- 
FOR TEST-TUBES. on 
mended for draining  test-tubes 


Aowaes 
+ 





after washing. 

Caoutchouc Caps.—These are caps for fitting 
over the cotton-wool plugs, and may be used in 
different sizes for test-tubes and stock-flasks. 

Platinum Needles.—A platinum needle for 
inoculating nutrient media, examining cultivations, 





Fic. 6.—PrLatinum Neepies; STRAIGHT, Hooxep, Loopen. 


etc., consists of two or three inches of platinum 
wire, fixed to the end of a glass rod. Several of 
these needles should be made, with platinum wire 
of various thicknesses. A piece of glass rod, 
about seven inches long, is heated at the extreme 
point in the flame of a Bunsen burner, and a piece 
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of platinum wire, held near one extremity with 
forceps, is then fused into the end of the rod. 
Some needles should be perfectly straight, and 
kept especially for inoculating test-tubes of 





Fic. 7.—Damp CHAMBER FOR PLATE-CULTIVATIONS. 


nutrient jelly. For other purposes the needles 

may be bent at the extremity into a small hook, 

and others provided with a loop (Fig. 6). 
Tripod Levelling-stand.—A triangular wooden 





Fic. 8.—APPARATUS EMPLOYED FOR PLATE~CULTIVATIONS, 
Tripod Stand ; Glass Dish, filled with cold or iced water; Sheet of Plate-glass° 
Spirit Level, and Glass Bell. 


frame supported upon three screw-feet which enable 
it to be raised or lowered to adjust the level. 

Large Glass Plate.—A piece of plate-glass, or 
a pane of ordinary window glass, about a foot square. 

Spirit Level. 

Glass Bells and Dishes.—Shallow glass bells 
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and dishes, for making a dozen or more damp 
chambers (Fig. 7), and for completing the appa- 
ratus for pouring out liquefied nutrient jelly on 
glass plates or slides (Fig. 8). 

Iron Box.—A box of sheet-iron (Fig. 9) for con- 
taining glass plates during their sterilisation in the 
hot-air steriliser, and for storing 

them until required for use. 
Glass Plates.—Small panes of 
glass, about six inches by four. Not 
less than three dozen are required 

for a dozen damp chambers. 
Glass Benches. — These are 
Box es Pigs necessary for arranging the glass 
err plates or slides in tiers in the damp 
chambers (Fig. 10). Metal shelves may be substi- 
tuted for them, but the former are to be preferred. 


Fris, 10, 11.—GLass BENCHES FOR GLASS PLATES OR SLIDES. 





They can be easily made, in any number required, 
by cementing a little piece of plate-glass at either 
end of a glass slip (Fig. 11). 

Glass Rods.—One dozen or more glass rods, 
twelve to eighteen, inches in length. They are 
employed for smoothly spreading out the liquefied 
nutrient gelatine or agar-agar on the glass plates, etc. 

Thermometers.—Two or three centigrade ther- 
mometers. 
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(1) APPARATUS FOR PREPARATION OF POTATO- 
CULTIVATIONS. 


Israel’s Case.—Sterilising instruments in the 
flame of a Bunsen burner is most destructive. It 
is better, there- 
fore, to have a 
sheet-iron case 
(Fig. 12) to 
contain potato- 
knives, scalpels, 
and other instru- 
ments, and to 
sterilise them by placing the case in the hot-air 
steriliser for an hour at 150°C. The box can be 
opened at the side, and each instrument withdrawn 
with a pair of sterilised forceps when required for use. 

Glass Dishes. — Several shallow glass dishes 
are required for preparing damp chambers for 
sent potato - cultivations 

weg, (Fig.13). The upper, 

i being the larger, fits 

: . eh: gj over the lower, and 

wees” «vhaving no_ handle, 

Fie. 13 admits of these damp 

Dano Cusanen ron Foren; chambers being 

P placed, if necessary, 

in the incubator in tiers. The large size may also 
be used in the same way for plate-cultivations. 

Potato Knives.—A common broad smooth- 





Fic. 12.~Isragzr’s Case, 





ex 
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bladed knife set in a wooden handle is sold for 
this purpose. 

Scalpels. — Half a dozen scalpels, preferably 
with metal handles, may be kept especially for 
inoculating sterilised potatoes. 

Brush.—A common stout nail-brush, or small 
scrubbing brush, is essential for cleansing potatoes. 


* (J) APPARATUS FOR PREPARATION OF SOLIDIFIED 
STERILE BLOOD SERUM. 


Glass Jar.—A tall cylindrical glass jar, on foot, 
with a broad ground stopper, for receiving blood. 

Pipette.—An ordinary or graduated pipette for 
transferring the serum 
from the jars to sterile 
test-tubes or glass cap- 
sules. 

Serum Steriliser.— 
A cylindrical case, with 
double walls forming an 
interspace to contain 
water, closed with a lid, 
also double walled and 
provided with a tubular 
prolongation of the en- 
, closed water chamber 

(Fig. 14). The water 

in the cylinder is heated 
from below, and that in the lid by means of the 
prolongation. 





Fic 14.—Seroum SYreririser. 
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In the centre of the cylinder is a column which 
communicates with the water chamber of the 
cylinder, and from it pass tour partitions, which 
serve to support the test-tubes. 

In the lid are three openings, one of which com- 
municates with the water chamber in the lid by 
which the latter is filled, and into which a thermo- 
meter is then fixed. In the centre an opening 
admits a thermometer, which passes into thé 
central pipe of the cylinder; through a third open- 
ing a thermometer passes to the cavity of the 
cylinder. The cylinder and cover are jacketed 
with felt, and the apparatus is supported on iron 
legs. 

Serum Inspissator.—A shallow tin case with 
glass cover, both case and cover jacketed with felt 
(Fig. 15). The case 
is double walled, and 
the water contained 
in the interspace is 
heated from below. 
It is supported on 
four legs, and the 
two front ones move 
in grooves in the 
case, so that the latter can be placed obliquely at 
the angle required, and secured, in position by 
screw-clamps. It’ is employed for coagulating 
sterile liquid serum, and for solidifying nutrient 
agar-agar so as to give them a sloping surface 





FiG, 15.—SERUM INSPISSATOR 
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Glass Capsules.—Small capsules or hollowed- 
out cubes of crystal glass are employed for cultiva- 
tions on solid blood serum, on nutrient gelatine, and 
on agar-agar. They may be procured of white and 
blackened glass, and are provided with glass slips as 
covers. 


. (K) APPARATUS FOR STORING, AND FOR CULTI- 
VATIONS IN, LIQUID MEDIA. 


Lister’s Flasks.—Lister devised a globe-shaped 
flask with two necks; a vertical and a lateral one. 
The lateral one is a bent spout, tapering towards its 
constricted extremity. When the vessel is restored 
to the erect position after pouring out some of its 
contents, a drop of liquid remains behind in the end 
of the nozzle, and prevents the regurgitation of air 
through the spout. A cap of cotton wool is tied 
over the orifice, and the residue in the flask kept 
for future use. The vertical neck of the flask is 
plugged with sterilised cotton wool in the ordinary 
way. 

Sternberg’s Bulbs.—Sternberg advocates the 
use of a glass bulb, provided with a slender neck 
drawn out to a fine point and hermetically sealed.* 

Aitken’s Test,tube.t-This is an ingenious 
device for counteracting the darger of entrance of 
atmospheric germs on removal from the ordinary 


* Magnin and Sternberg, Bactersa. 1884. 
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test-tube of the cotton-wool plug. Each test-tube is 
provided with a lateral arm tapering to a fine point, 
which is hermetically sealed. 

Drop culture Slides.—About a dozen or more 
thick glass slides with a circular excavation in the 
centre are required for drop-cultures. 

Vaseline.—A small pot of vaseline with a camel’s- 
hair brush should be reserved especially for use in 
the preparation of drop-cultures. 

Bulbed Tubes.—Glass vessels such as test- 
tubes, flasks, and pipettes, which are used in dealing 
with liquid media, have already been mentioned 
under other headings ; but bulbed tubes, Pasteur’s 
bulbs, and various other forms are also required for 
special experiments. 


(L) APPARATUS FOR INCUBATION. =" 


There are several forms of incubator, each of 
which has its advocates. They are mostly rect- 
angular chests, with glass walls, front and back, or 
in front only. A cylindrical model is preferred by 
some. Two only will be described here—D’Arson- 
val’s and Babes’, The former admits of very exact 
regulation of temperature, and the latter is a very 
practical form for generaleuse. , 

D’Arsonval’s Incubator. —The “ Ztuve D'Ar- 
sonval” (Fig, 16) is a very efficient apparatus, and 
is provided with a heat regulator, which enables the 
temperature to be maintained with a minimum varia- 
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tion. It consists of a cylindrical copper vessel, with 
double walls, enclosing a wide interspace for con- 
taining a large volume of water. The roof of the 
water-chamber is 
oblique, so that the 
wall rises higher 
on one side than 
i ontheother. This 
> admits of the inter- 
i space being com- 
Be pletely filled with 
water. At the 
highest point is an 
opening fitted with 
a perforated caou- 
tchouc stopper, 
through which a 
glass tube passes. 
The mouth of the 
== == cylinder itself is 
SS — — wee = horizontal, and is 
- closed by a_ lid, 
which is also 
double-walled to contain water. In the lid are four 
openings ; one serves for filling its water-chamber, 
and the others for thermometers and for regulating 
the air supply im the cavity of the cylinder. The 
cylinder is continued below by a cone, also double- 
walled, and there is a perforated grating at the line 
of junction of the cylinder and cone. The cone 
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Fig 16—D ARSONVAL’S INCUBATOR 
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terminates in a projecting tube provided with an 
adjustable ventilator. The apparatus is fixed on 
three supports united to one another below. One of 
them is utilised for adjusting the height of the heat- 
ing apparatus. Situated above this leg is the heat- 
regulating apparatus (Fig. 17), attached to a circular, 
lipped aperture in the outer wall of the incubator. 
To the lip is fixed with 
six screws the correspond- 
ing lip of a brass box, 
with a tightly stretched 
diaphragm of india-rubber 
intervening. Thus the 
diaphragm separates the } 
cavity of the box from the Fic eee enn s MEAS 

water in the interspace of 

the incubator. The cap of the box, which screws 
on, is bored in the centre for the screw- -pipe, by 
which the gas is supplied. Another pipe entering 
the box from below is connected with the gas-burners. 
Around the end of the screw-pipe a collar loosely 
fits, and is pressed against the diaphragm by means 
of a spiral wire spring. Close to the mouth of the 
screw-pipe a small opening exists, so that the gas 
supply to the burners is not entirely cut off even 
when the diaphragm corhpletely occludes the mouth 
of the screw-pipe.. ° 





To work the apparatus the tube and plug must be 
removed, and the water-chamber filled completely with 
distilled or rain water at the temperature required. The 
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caoutchouc plug is replaced and the tube placed in position. 
Gas enters through d (Fig. 17), and passes through the 
opening at its extremity into the chamber of the box. 
Thence it passes through the vertical exit which is connected 
with the gas-burners. As the temperature rises the water 
rises in the tube, and at the same time exercises a pressure 
on every part of the walls of the incubator, and hence on 
the diaphragm. In consequence of this, the diaphragm 
bulging outwards approaches the end of the tube d, and 
gradually diminishes the gas supply. As a result the 
temperature falls, the water contracts and sinks in the 
tube, and the diaphragm receding from d, the gas supply 
is again increased. By adjusting the position of the tube 
d to the diaphragm, any required temperature within the 
limits of the working of the apparatus can be regulated to 
the tenth of a degree ; provided, (1) that the gas supply is 
rendered independent of fluctua- 
tions of pressure, by means of a 
gas-pressure regulator, (2) that the 
height of the water in the tube 
is controlled daily by the with- 
drawal or addition of a few drops 
of distilled water, and (3) that 
the apparatus is kept in a place 
with as even a temperature as pos- 
__ Sible, and sheltered from currents 
Fic 38, The burners in Fig. 16 are pro- 

esis iprig arid tected with mica cylinders similar 
to the burner represented in Fig, 18 

The flames of these burners can be turned down to 
the smallest length without danger of extinction, and the 
temperature may be regulated very satisfactorily without 
using the heat regulator just described, if the gas first 
passes through a pressure regulator (Fig. 19). To provide 
against the danger resulting frem accidental extinction of 
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the gas, Professor Koch has devised a self-acting apparatus 
(Fig. 20), which, 
simultaneously with 
the extinction of the 
flame of the burner, 
shuts off the supply 
of gas. 


Babes’ Incuba- 
tor.—The pattern 
»of Dr. Babes is 
very simple, and 
is recommended by 
the author in pre- 
ference to all others Fis 19 


: MOITESSIERS GAS-PRESSURE REGULATOR 
(Fig. 21). 


It consists of a double-walled chest with sides and 
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Fic. 20.—Kocn’s Sarety BURNER 


roof jacketed with felt. Water fills the interspace 
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between the walls, and on the roof are two 
apertures—one for a gas 
regulator, and the other for 
a thermometer. In front, 
the chest is closed in bya 
sheet of felt, a glass door, 
and a sliding glass panel. 
The apparatus can be sus- 
pended on the wall or sup- 
ported on legs, and is heated 
from below by means of 
protected burners. 

The gas should pass 
first through a pressure 
regulator, and then through 
a thermo-regulator to the 
burners. 

Moitessier’s Gas-pressure Regulator.—This 
apparatus is best explained by reference to the 
diagram (Fig. 19). In the bottom of the cylinder a 
are the entrance (£) and exit (/) gas tubes. The 
tap (m) regulates the size of the flame. The cover 
(zn) roofs in the cylinder a. The bell (8) supports 
by means of e and / the ball valve @, which lies in the 
covercc, The gas, entering by 4, passes through 
the valve d, and is thence, conducted by the tube @ 
to the tube 4. The bell 8 and the weighted dish 
#4 are screwed on to the connecting rod g. To 
diminish as much as possible the friction of g in 
2, g only touches z by three projecting ridges. 





Fic, 21.—BaBes INCUBATOR, 
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Section of ¢ and g is shown at s. To put the ap- 
paratus in use it is first levelled, then % is screwed 
off and the cover 22 removed. A mixture of two 
parts of pure acid-free glycerine to one of distilled 
water is poured into the cylinder until it flows out at 
g, which is then closed, and the cover #~ replaced. 
The manometers are filled with coloured water, and 
k and / connected with the entrance and exit gas 
tubing respectively. The pressure of the incoming 
gas raises the bell B; and with it the valve d is 
raised towards the opening at cc. The weight &, 
which is replaced on g, by its downward pressure 
counteracts this upward pressure of the gas and 
opens the valve cc. Thus the flame is best regu- 
lated in the morning, when the pressure is at a 
minimum ; then supposing an increase of pressure 
occurs, the weight of % is overbalanced, B is raised 
and with it @, and the gas supply proportionately 
diminished by the gradual closing of the valved 
opening. 

Reichert’s Thermo-regulator.—This regu- 
lator (Fig. 22) consists of three parts—a hollow T 
piece, a stem, and a bulb. The T piece fits like a 
stopper in the upper widened portion of the stem. 
One arm of the T is open and connected with the 
gas supply; the vertical portion terminates in a 
small orifice, and is also provided with a minute 
lateral opening.” The stem is provided with a 
lateral arm, and this arm, the stem, and the bulb 
contain mercury. The regulator is fixed in the 
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roof of the incubator, so that the bulb projects 
either into the interior of the incubator or into 
the water chamber. When the incu- 

bator reaches the required temperature, 

the mercury is forced up by means of 

the screw in the lateral arm, until it 

closes the orifice, at the extremity of 

the vertical portion of the T. The gas 

° which passes through the lateral orifice 
is sufficient to maintain the apparatus 

ie, 22, at the required temperature. If the 
Tuermo- temperature of the incubator falls the 
ic mercury contracts, and gas _ passing 
through the terminal orifice of the T, increases the 
flame of the burner, and the temperature is restored. 
Page’s Thermo - regulator resembles the 
above, but instead of the T piece there are two 
picces of glass tubing. The outer tubing envelops 
the upper part of the stem ‘of the regulator, and 
admits of being raised or lowered. The upper end 
of this tubing is closed by a cork, which is perforated 
to admit the narrow glass tubing, which represents 
the vertical arm of the T passing within the stem of 
the regulator. This has a terminal and a lateral 
opening, and is the means of entrance for the gas. 
This regulator is adjusted by noting when the 
thermometer indicates the desired temperature, and 
then pushing down the outer tube until the terminal 
opening of the inner tube, which is carried down 


with it, is obstructed by the mercury. 
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Meyer’s Thermo-regulator is represented in 
Fig. 23. No. I. shows the construction of the 
regulator; its inner tube terminates in an oblique 





FiG. 23.—MEYER’S THERMO-REGULATOR. 


opening, and is also , provided with a minute 
lateral aperture, which prevents the complete 
shutting off of thé gas supply. No. II. illustrates 
the method of introducing the mercury by suction 
through a filling tube, which is substituted for the 
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inner tube of the regulator. No. III. represents 
Frankel’s modification of the same instrument. 


(mM) INOCULATING AND DISSECTING INSTRUMENTS AND 
APPARATUS IN COMMON USE. 


Mouse Cages.—As mice are the animals most 
frequently employed for experimental purposes, 
mouse cages have been especially introduced, con- 
sisting simply of a cylindrical glass jar with a 
weighted wire cover. 

Dressing Case—A small surgical dressing 
case, with its usual accessories—forceps, knives, 
small straight and curved scissors, needles, silk, 
and so forth—will serve for most purposes. 

Pravaz’ Syringe.—Koch’s modification of 
Pravaz syringe admits of sterilisation by exposure 
to 150° C. for a couple of hours. 

Special Instruments and Material.—lInstru- 
ments required for special operations and the 
materials necessary for strict antiseptic precautions 
need not be detailed here.* 

Dissecting Boards.—Slabs of wood in various 
sizes, or gutta-percha trays, provided with large- 
headed pins, are employed for ordinary purposes. 

Dissecting Case.—A dissecting case fitted with 
scalpels, scissors, hooks, etc, should be reserved 
entirely for post-mortem examinations. 


* Vide Cheyne, Antiseptic Surgery. 1882. 
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(N) GENERAL LABORATORY REQUISITES. 


Siphon Apparatus.—Two half-gallon or gallon 
glass bottles, with siphons connected with long 
flexible tubes provided with glass nozzles and 
pinchcocks (Fig. 24), should be employed for the 





Fic 24 


S1pHON Botrle, WITH FLExiIBLE TuBeE, Giass Nozz.r, AND 
A More's PINCHCOCK 


following purposes :—One is used to contain distilled 
water, with the nozzle hanging down conveniently 
within reach of the working table; the other is to 
contain a solution of corrosive suklimate (1 in 1000), 
and may be placed so that the nozzle hangs close 
to the lavatory sink or basin. The former replaces 
the use of the ordinary wash bottle, in washing off 
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surplus stain from cover-glasses, etc. and thel atter 
is conveniently placed for disinfection of vessels and 
hands after cleansing with water. They should be 
placed on the top of a cupboard, or on a high 
shelf. 

Desiccator.—The desiccator (Fig. 25) consists 
of a porcelain pan containing concentrated sulphuric 
acid, and covered over with a bell-glass receiver. 
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The sheet of plate-glass upon which the pan rests 
is ground upon its upper surface, and the rim of 
the glass bell is also ground and well greased. In 
the centre of the pan is a column supporting a 
circular frame, which is covered with wire gauze. 
Slices of potatoes,“ upon which micro-organisms 
have been cultivated, are rapidly dried by the 
action of sulphuric acid in confined air. A 
cultivation of Micrococcus prodigiosus, for example, 
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may be dried in this way, and preserved for 
subsequent experiments. 

Other items commonly in use in a research 
laboratory cannot be detailed here, and a descrip- 
tion of air-pumps, refrigerators, etc., access to 
which is nevertheless necessary for some special 
investigations, must be sought for elsewhere.* 


* All bacteriological apparatus, as employed by Professor Koch, 
may be obtained from Dr. Muencke, 58, Louisen Strasse, Berlin. 
Nearly all the figures of apparatus here given are from blocks, kindly 
lent to me by Dr. Muencke. Griffin & Son, 22, Garrick Street, 
Covent Garden, W.C., will make zo order any bacteriological ap- 
paratus required, and from them all glass vessels and chemical 
apparatus of home manufacture can be obtained. All histological 
instruments and material, such as microscopes, microtomes, aniline 
dyes, celloidin, gelatine, agar-agar, etc., are supplied by G. Konig, 
Berlin, N.W., 35, Dorotheen Strasse. Chemicals, staining reagents, 
and ready-prepared nutrient gelatine can also be obtained from Dr. 
Georg Grubler, Leipsig, 17, Dufour Strasse. Solutions of lithium 
carmine, picro-lithium carmine (Orth), picro-carmine (Weigert), 
alum and borax carmine (Grenacher), etc., ready for use, are pre- 
pared by Becker & Co., 34, Maiden Lane, Covent Garden, Londen, 
W.C. The latter firm also keep in stock bacteriological apparatus 
and glass ware of the German pattern. 

Mr. Baker, of High Holborn, W.C., is recommended for the 
supply of microscopes and the ordinary objectives by continental 
makers, and the new apochromatic objectives recently introduced 
by Zeiss. Objectives made of the new glass are also constructed by 
Powell and Leland, but though invaluable to the specialist their 
expense places them beyond the reach of the general studen.. 
Messrs. Swift & Son have recently introduced an excellent 7, oil. 
imm. for five guineas, and are prepared to supply a microscope 
completely equipped for bacterioloyrical work at a very low price. 


CHAPTER II. 


MICROSCOPICAL EXAMINATION OF BACTERIA IN 
LIQUIDS, IN CULTIVATIONS ON SOLID MEDIA, 
AND IN TISSUES. 

Preliminary Remarks.—In conducting bacterio- 

logical researches, the importance of absolute clean- 

liness cannot be too strongly insisted upon. All 
instruments, glass vessels, slides, and cover-glasses 
should be thoroughly cleansed before use. A wide- 
mouthed glass jar should always be close at hand, 
containing refuse alcohol for the reception of 
rejétted slide preparations or dirty cover-glasses. 
When required again for usé, slides can be easily 
wiped clean with a soft rag. Cover-glasses require 
further treatment, for, unless they are perfectly 
clean, it is difficult to avoid the presence of air 
bubbles when mounting specimens. They should 
be left in strong acid (hydrochloric, sulphuric, or 
nitric) for some hours; they are then washed, first 
with water and then with alcohol, and carefully 
wiped with a soft rag. The same principle applies 
in the preparation and employments of culture 
media; any laxity in the processes of sterilisation, 
or insufficient attention to minute technical details, 
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will surely be followed with disappointing results 
in the contamination of the cultures, resulting in 
the loss of much time. When using platinum 
needles, either for inoculating fresh tubes in carry- 
ing on a series of pure cultures, or in transferring 
a small portion of a cultivation to a cover-glass 
for examination under the microscope, the careful 
sterilisation of the needle by heating the platinuy 
wire till it is white hot in every part, and heating 
also as much of the glass rod as is made to enter 
the test-tube, must be carried out with scrupulous 
care. Indeed it is a good plan to let it become 
a force of habit to sterilise the needle before and 
after use on every occasion, whatever may be the 
purposes for which it is employed. 


(A) EXAMINATION IN THE FRESH STATE. —, . 


Liquids containing micro-organisms, such as pus, 
blood, juices, culture-fluids, can be investigated by 
transferring a drop with a looped platinum needle 
or a capillary pipette to a slide, covering it with 
a clean cover-glass, and examining without furthe 
treatment. If it is desirable to keep the specimen 
under prolonged observation, a drop of sterilised 
water or salt solution must be run in at the margin 
of the cover-glass to counteract. the tendency to 
dry. Cultures on solid media can be examined by 
transferring a small portion with a sterilised needle 
to a drop of sterilised water on a slide, thinning 
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it out, and covering with a cover-glass as already 
described. A more satisfactory method, by which 
one can keep micro-organisms under observation 
and study their movements, spore-formation, etc., 
will be described under ‘“ Drop-cultures.”  Zzssues 
in the fresh state may be teased out with needles 
in sterilised salt solution, and pressed out into a 
sufficiently thin layer between the slide and cover- 
glass. Glycerine may in many cases be substituted 
for salt solution, especially for the examination of 
micro-organisms such as Actinomyces, Aspergilli, 
etc. 

There is, as a rule, no difficulty in recognising 
the larger micro-organisms such as those just 
mentioned ; but where we have to deal with very 
small bacilli, bacteria, and micrococci, they may 
possibly be mistaken for granular detritus or fat- 
crystals, or vice versd. They are distinguished by 
the fact that fatty and albuminous granules are 
altered or dispersed by acetic acid, and changed by 
solution of -potash ; alcohol, chloroform, and ether 
dissolve out fat-crystals or fatty particles; on the 
other hand, micro-organisms remain unaffected by 
these reagents. This micro-chemical reaction is 
made the basis of Baumgarten’s method. 
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(B) COVER-GLASS PREPARATIONS, 


The method next to be described is the most 
commonly employed; in addition to its value as 
a means of examining liquids, etc. it affords the 
additional advantage of enabling one to make, if 
necessary, a large number of preparations which 
when dried can be preserved, stained or unstained, 
in ordinary cover-glass boxes; they are then in a 
convenient form for transport, and can be mounted 
permanently at leisure. 

The method is as follows. —A cover-glass is 
smeared with the cut surface of an organ, or 
pathological growth, or with sputum; or a drop 
of blood, pus, or culture-fluid is conveyed to it 
with a looped platinum needle. By means of 
another cover-glass, the juice, or fluid, is squeezed 
out between them into a thin layer, and on sliding 
them apart each covér-glass bears on one side a 
thin film of the material to be examined. They 
are then placed with the prepared side upwards 
and allowed to dry. After a few minutes, they are 
held with a pair of flat-bladed or spring forceps, 
with the prepared side uppermost, and passed 
rapidly three times thrqugh the flame of a spirit 
lamp or Bunsen burner, To stain them, put two 
or three drops of an aqueous solution of fuchsine 
or methyl violet over the film, and after a minute 
or two wash off the surplus stain with distilled 
water by means of the siphon apparatus or a 
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wash-bottle. Turn the cover-glass on to a slide, 
remove excess of water with filter-paper, and wipe 
the exposed surface ; examine with a power of about 
250 diams., and if a higher power be required, 
which is usually the case, place a droplet of cedar 
oil on the cover-glass, and examine with an im- 
mersion lens. 

., If the specimen is to be made permanent, fix the 
cover-glass at one corner with the thumb, and with 
a soft rag carefully wipe off the cedar oil; then 
float off the cover-glass by running in distilled 
water at its margin, and having made a little ledge 
with a strip of filter-paper, place the cover-glass up 
against it upon one of its edges and leave it to dry. 
When perfectly dry mount in Canada balsam, or 
put it away in a cover-glass box provided with a 
label of contents. 

* minute portion of a culture may be stained 
and examined in the same Way after spreading it 
out with a hooked platinum needle into a thin film, 
with or without the addition of a droplet of sterilised 
water. 

In many cases it is necessary or preferable to 
apply the stain for a much longer period. This ts 
effected by pouring some, of the staining solution 
into a watch-glass, and allowing the cover-glasses 
to swim on the surface, with their prepared side, of 
course, downwards. Throughout all these manipu- 
lations it is necessary to bear in mind which is the 
prepared surface of the cover-glass, 
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Double Coloration of Cover-glass Prepara- 
tions can also be obtained as in Ehrlich’s method 
for staining tubercular sputum, or by staining with 
eosin after treatment by the method of Gram. 

Ehrlich’s Method is as follows :—Five parts of 
aniline oi] are shaken up with one hundred parts of 
distilled water, and the emulsion filtered through 
moistened filter-paper. A saturated alcoholic sola- 
tion of fuchsine, methyl violet, or gentian violet, 
is added to the filtrate in a watch-glass drop by 
drop until precipitation commences. Cover-glass 
preparations are floated in this mixture for fifteen 
minutes to half an hour, then washed for a few 
seconds in diluted nitric acid (one part nitric acid to 
two of water), and then rinsed in distilled water. 
The stain is removed from everything except the 
bacilli; but the ground substance can be after- 
stained, brown if the bacilli are violet, or blue if 
they have been stained red (Plate H4, Fig. 1). 

Double staining with eosin after the method of 
Gram is described under tissue staining. The 
cover-glass preparations are treated by the same 
processes as employed with sections; superfluous 
oil of cloves can be removed by gently pressing the 
cover-glass between double layers of filter-paper. 

Babes’ Method affords avery rapid means of 
examining cultivations, etc. A little of the growth, 
removed by means of a sterilised platinum hook or 
small loop, is spread out on a cover-glass into as 
thin a film as possible: when almost dry, a drop or 
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two of a weak aqueous solution of methyl violet i: 
allowed to fall from a pipette upon the film. The 
cover-glass with the drop of stain is, after a minute, 
carefully turned over on to a slide, and the excess 
of stain gently and gradually removed by pressure 
with a strip of filter-paper. It affords a rapic 
means of demonstration—for example, of such < 
cultivation as Koch’s comma bacilli in nutrient 
gelatine—enabling the microbes to be seen in some 
parts of the preparation both stained and in active 
movement. 

His’ Method.—The staining of fresh prepara- 
tions, especially those with no coagulable albumen 
to fix them, may be also carried out by His’ method. 
A slide is prepared as already described in the 
examination of micro-organisms in the fresh state. 
The reagents are then applied by placing them 
with a pipette drop by drop at one margin of 
the cover-glass, and causing them to flow through 
the preparation by means of a strip of filter-paper 
placed at the opposite margin. 

To stain Spores, the method described on p. 65 
is somewhat modified. The cover-glass prepara- 
tions may be either passed as many as twelve times 
through the flame, or heated to a temperature of 
210° for half an hour, or exposed to the action of 
strong sulphuric ecid for a few seconds, and then 
stained with a watery solution of the dye. 

To double-stain Spore-bearing Bacilli.—The 
cover-glass preparations may be floated for twenty 
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minutes on a fuchsine aniline-water solution, as 
used in Ehrlich’s method, which has been heated 
to boiling-point. The fuchsine is removed from 
the bacilli either by simply rinsing in water, in 
alcohol, or in weak acid, according to the species, 
and then the preparations are floated for a few 
minutes on-solution of methylene blue, rinsed in 
water, dried, and mounted. = 
To stain Flagella.—Koch recommends floating 
the cover-glasses on a concentrated watery solution 
of hematoxylin. From this they are transferred 
to a 5 per cent. solution of chromic acid or 
to Muller’s fluid, by which the flagella obtain 
a brownish-black coloration. The author has 
succeeded in demonstrating and photographing 
flagella, by staining with a drop of a saturated 
solution of gentian violet in absolute alcohol. 
Before the alcohol has time to evaporate, the 
cover-glass is rinsed in water, and then allowed to 
dry, and finally mounted in balsam. A very in- 
tense staining of the whole preparation results. 


(Cc) COVER-GLASS IMPRESSIONS. 


One of the most instructive methods for examin- 
ing micro-organisms és to make an zmpresston- 
preparation. This enables us, in many cases, to 
study the relative position of individual micro- 
organisms one to another in their growth on solid 
cultivating media, and in some cases produces the 
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most exquisite preparations for the microscope. A 
perfectly clean, usually small-sized, cover-glass is 
carefully deposited on a plate- or potato-culture, 
and gently and evenly pressed down. One edge 
is then levered up carefully, with a needle, and the 
cover-glass lifted off by means of forceps. It is 
then allowed to dry, passed through the flame three 
tiges, and stained as already described. In the 
case of plate-cultures, especially where no lique- 
faction has taken place, the growth is_ bodily 
transferred to the cover-glass, and a vacant area 
left on the gelatine or agar-agar, corresponding 
exactly with the form and size of the cover-glass 
employed (Plate XXVII., Figs. 1 and 2). 


CHAPTER III. 


PREPARATION AND STAINING OF TISSUE 
SECLIONS. 


(A) METHODS OF HARDENING AND DECALCIFYING 
PREPARATIONS. 


To harden small organs, such as the viscera of a 
mouse, they must be placed on a piece of filter- 
paper at the bottom of a small, wide-mouthed glass 
jar, and covered with about twenty times their 
volume of absolute alcohol. Larger organs, pdtho- 
logical growths, etc.,°are treated in the same way, 
but must first be cut into small pieces, or cubes, 
varying from a quarter of an inch to an inch in 
size. Muller's fluid may also be employed, and 
methylated spirit may be substituted for alcohol, 
from motives of economy. Tissues hardened in 
absolute alcohol are ready for cutting in two or 
three days, and those hardened in Muller's fluid in 
as many weeks, : 

Teeth, or osseous structures, must first be placed 
in a decalcifying solution, such as Kleinenberg’s. 
When sufficiently softened, they are allowed to soak 
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in water, to wash out the picric acid, and then 
transferred through weak spirit to absolute alcohol. 
Ebner’s solution also gives excellent results, espe- 
cially when the structures to be decalcified are 
placed in fresh solution from time to time. 


(B) METHODS OF EMBEDDING, FIXING, AND 
CUTTING. 


Material to be cut with the freezing microtome, 
if hardened in spirit, must be well soaked in water 
before being frozen; if hardened in Miuller’s fluid, 
it can be frozen at once. 

If Williams’ microtome is employed, the hard- 
ened tissues must first be well soaked in gum 
mucilage, then frozen, and cut. 

For cutting with Jung’s microtome, the tissues 
are @mbedded in paraffine, or celloidin, and mounted 
on cork; or, if firm enough,’ they may be fixed 
upon cork without any embedding material at all. 
Paraffine, dissolved in chloroform, will be found 
very serviceable as an embedding material, but 
celloidin is more commonly employed now. The 
pieces of tissue to be embedded are placed, after 
the process of hardening is completed, in a mix- 
ture of ether and alcohol for an hour or more. 
They are then transferred to a solution of celloidin 
in equal parts of ether and alcohol, and left there, 
usually for several hours. Meanwhile, corks ready 
cut for the clamp of the microtome are smeared 
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over with the solution of celloidin ; this is applied 
with a glass rod to the surface which is to receive 
the piece of tissue. The corks are then set aside 
for the film of celloidin to harden. The pieces of 
tissue are allowed to remain in the celloidin solution 
for from one to twenty-four hours, the time varying 
according to the structure of the specimen. Better 
results are obtained in the case of lung, or de- 
generated broken-down tissue, if left for a much 
longer time than is found to be sufficient for firmer 
structures. The specimen, when ready, is removed 
from the celloidin solution with forceps and placed 
upon a prepared cork. A little of the solution, 
which is of syrupy consistence, is allowed to fall 
on the piece of tissue to cover it completely, and 
the mounted specimen is finally placed in 60 to 80 
per cent. alcohol to harden the celloidin. The 
specimen will be ready for cutting next day. ~ 

The specimen may be more neatly embedded by 
fixing it with a pin in a small paper tray, pouring 
the celloidin solution over it, and then placing the 
tray in alcohol to harden the celloidin. The em- 
bedded specimen is then fixed on a cork, which 
has been cut for the clamp of the microtome. The 
celloidin in the section disappears in the process of 
clearing with clove-oil. . 

Material infiltrated with paraffine must be cut per- 
fectly dry, and the sections prevented from rolling 
up by gentle manipulation with a camel’s-hair 
brush. They must then be picked off the blade of 
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the knife with a clean needle, and dropped into a 
watch-glass containing xylol. This dissolves out 
the paraffine ; the sections are then transferred to 
alcohol to get rid of the xylol, and then to the 
staining solution. 

In the case of specimens embedded in celloidin, 
or mounted directly on a cork, the tissue, as well as 
wthe blade of the knife, should be kept constantly 
bathed with alcohol, and the sections transferred 
from the blade with a camel's-hair brush, and 
floated in alcohol. 

For fixing small organs and pieces of firm tissue 
directly on cork, such as the kidneys of a mouse, 
or liver, we may employ gelatine, or glycerine gela- 
tine, liquefied over a Bunsen burner in a porce- 
lain capsule. The cork, with specimen affixed, is 
placed in alcohol, and is ready for cutting sections 
next day. 

The advantage of glycerine gelatine consists in 
that it may be used for fixing irregular pieces of 
tissue, as it does not become of a consistency that 
would injure the edge of the knife. 

Embedding in Celloidin and Freezing.— 
This method gives excellent results. Celloidin is 
used as already described. The piece of tissue is 
then placed in a glass eapsule, and some of the 
celloidin solution poured over it. After hardening 
in spirit, the tissue is cut out and put in water until 
it sinks. It is then transferred to gum, and frozen 
and cut in the ordinary way. 
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(C) GENERAL PRINCIPLES OF STAINING BACTERIA 
IN TISSUE SECTIONS: METHODS OF WEIGERT, 
GRAM, AND WEIGERT-EHRLICH. 


Sections of fresh tissues made with the freezing 
microtome are to be floated and well spread out 
in ‘8 per cent. salt solution, and then carefully 
transferred, well spread out on the copper lifter, to 
a watch-glass containing absolute alcohol. Simi- 
larly, sections selected from those cut with Jung’s 
microtome may be transferred from the spirit to 
absolute alcohol. The sections may be then stained 
by any of the methods to be described. 

It is often advisable to employ some method 
which will enable one to study the structure of the 
tissue itself. In the same way with sections, 
however prepared, one should always examine 
with a low power (one inch) first; this enables 
one to recognise the tissue under examination in 
most cases, and even to examine in many cases 
the topographical distribution of masses of bacteria. 
With a power of about 250 diams. (one sixth), 
very many bacteria can be distinguished ; and with 
the oil immersion lenses ethe mjnutest bacilli and 
micrococci can be recognised, and the exact form 
of individual bacteria accurately determined. As 
most good modern instruments, like Zeiss’ micro- 
scopes, are provided with a triple nosepiece, there 
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is no loss of time in examining a preparation suc- 
cessively with these different powers. 

Weigert’s Method.—A very useful method for 
staining both the tissue and the bacteria is as fol- 
lows :—Place the sections for from six to eighteen 
hours in a I per cent. watery solution of any of 
the basic-aniline dyes (methyl violet, gentian violet, 
fuchsine, Bismarck brown). To hasten the process, 
place the capsule containing the solution in the 
incubator, or heat it to 45°C. A stronger solution 
may also be employed, in which case the sections 
are far more rapidly stained, and are easily over- 
stained. In the latter case they must be treated 
with a half-saturated solution of carbonate of 
potash. In either case the sections are next washed 
with distilled water, and passed through 60 per 
cent. alcohol into absolute alcohol. When almost 
decolorised, spread out the section carefully on a 
copper lifter and transfer it to clove-oil, or stain 
with picro-carmine solution (Weigert’s) for half an 
hour, wash in water, alcohol, and then treat with 
clove-oil. After the final treatment with clove-oil, 
transfer with the copper lifter to a clean glass slide. 
Dry the preparation by pressure with a piece of 
filter-paper folded four times, and preserve in Canada 
balsam dissolved ig xylols 

Gram’s Methed.—In the method of Gram the 
sections are stained for three 4minutes_in aniline- 
gentian-violet solution. ‘his is prepared by shak- 
ing up one ccm. of pure aniline with twenty-four 
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parts of water, and filtering the emulsion. Half a 
gramme of the best finely powdered gentian violet 
is dissolved in the clear filtrate, and the solution 
filtered before use. The sections are then trans- 
ferred to a solution of iodine in iodide of potassium 
till they become dark brown in colour, and then 
decolorised in absolute alcohol. The time required 
for complete decolorisation in alcohol varies from 
a few minutes to twenty-four hours. They are 
then treated with clove-oil and mounted in Canada 
balsam. It is much better, however, to employ 
the aniline-gentian-violet solution quite freshly 
yrepared, and the following useful method is 
invariably used by the author :—Place four or five 
drops of pure aniline in a test-tube, fill it three- 
quarters full with distilled water, close the mouth 
of the tube with the thumb and shake it up 
thoroughly. Filter the emulsion twice, and pour 
the filtrate into a watch-glass or glass capsule. To 
the perfectly clear aniline water thus obtained add 
drop by drop a concentrated alcoholic solution of 
gentian violet till precipitation commences. Stain 
sections in this solution from ten minutes to half 
an hour, then transfer to iodine-potassic-iodide 
solution, and decolorise in alcohol. The process 
of decolorisation may beehastened by placing the 
section in clove-oil and returning it to alcohol, and 
again to clove-oil. If examined, after it has been 
finally treated with clove-oil and mounted in 
Canada balsam, the tissue appears colourless or 
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tinged faintly yellow, while micro-organisms, ¢.g., 
bacilli and micrococci, are stained blue or blue- 
black (Plate II.), Double staining is obtained by 
transferring the sections after decolorisation to a 
solution of eosin, Bismarck brown, or vesuvin, again 
rinsing in alcohol, clearing in clove-oil, and mount- 
ing in balsam. Another instructive method is to 
place the decolorised sections in picro-carminate of 
ammonia for three or four minutes, and then treat 
with alcohol, oil of cloves, and balsam. In this way 
the nuclei are well stained. A somewhat similar 
result is obtained by placing the sections for a few 
minutes in Orth’s solution (picro-lithium carmine) ; 
transferring to acidulated alcohol, then to an alco- 
holic solution of picric acid, and treating with clove- 
oil and balsam (Plate XXIV., Fig. 1). 
Weigert-Ehrlich Method.—This is a method 
in which nitric acid is employed as a decolorising 
agent. It is as follows :—Filtered, saturated, watery 
solution of aniline, one hundred parts; saturated 
alcoholic svlution of a basic aniline dye (methyl 
violet, gentian violet, fuchsine), eleven parts; are 
mixed and filtered. Rapid staining is obtained by 
warming the solution. Decolorise with nitric acid 
(1 in 2), and stain with a contrast colour. As deli-~ 
cate sections are apt to. be injured by immersion 
in the nitric acid, they may be transferred from the 
fuchsine solution to distilled water, then rinsed a 
few minutes with alcohol, and finally placed in the 
following contrast stain for one or two hours :— 
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Distilled water , . 100 CC, 
Saturated alcoholic solution of 

methylene blue ; . 20 CC. 
Formic acid ; : .  1oOmm.* 


The method of Weigert-Ehrlich may be em- 
ployed for staining both leprosy and_ tubercle 
bacilli (Plate III.). The aniline-fuchsine solution 
may also be prepared by the simple plan described 
for Gram’s method (p. 77). The more special 
methods for staining will be given with the de- 
scription of those species of micro-organisms to 
which they apply. 


* Watson Cheyne, Practitioner. 1883. 


CHAPTER IV. 


PREPARATION OF NUTRIENT MEDIA AND 
UETHODS OF CULTIVATION. 


To cultivate micro-organisms artificially, and, in the 
case of the pathogenic bacteria, to fulfil the second 
of Koch’s postulates, they must be supplied with 
nutrient material free from pre-existing micro- 
organisms. Hitherto various kinds of nutrient 
liquids have been employed, and in many cases they 
still continue to be used with advantage, but as a 
general rule they have been in a great measure 
supplanted by the methods ‘of cultivation on sterile 
solid media about to be described. The advantages 
of the latter method are obvious. In the first place, 
in the case of liquid media, in spite of elaborate 
precautions and the expenditure of much labour and 
time, it was almost impossible or extremely difficult 
to obtain a pure culture. If a drop of liquid con- 
taining several kinds of bacteria be introduced into 
a liquid medium, we have a mixed cultivation from 
the very first. If in the struggle for existence some 
bacteria were unable to develop in the presence of 
others, or a change of temperature and soil allowed 
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one form to predominate over another, then one 
might be led to the conclusion that many bacteria 
were but developmental forms of one and the same 
micro-organism ; while possibly the contamination of 
such cultures might lead to the belief in the trans- 
formation of a harmless into a pathogenic bacterium. 
In the case of solid cultivating media, on the other 
hand, the chance of contamination by gravitation of 
germs from the air is avoided by the fact that test- 
tubes, flasks, etc., can be inverted and inoculated from 
below. The secret of the success of Koch’s method, 
however, depends upon the possibility, in the case 
of starting with a mixture of micro-organisms, of 
being able to isolate them completely one from 
another, and to obtain an absolutely pure growth 
of each cultivable species. When sterile nutrient 
gelatine has been liquefied in a tube and inoculated 
with a mixture of bacteria in such a way that the in- 
dividual micro-organisms are distributed throughout 
it, and theliquid is poured out ona plate of glass and 
allowed to solidify, the individual bacteria, instead 
of moving about freely as in a liquid medium, are 
fixed in one spot, where they develop individuals of 
their own species. In this way colonies are formed 
each possessing its own characteristic biological 
and morphological appearances, If an adventi- 
tious germ from the air fall upon’the culture, it 
also grows exactly upon the spot upon which it fell, 
and can be easily recognised as a stranger. To 


maintain the individuals isolated from one another 
6 
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during their growth, and free from contamination, 
it is only necessary to thin out the cultivation, and 
to protect the plates from the air. The slower 
growth of the micro-organisms in solid media, 
affording much greater facility for examining them 
at various intervals and stages of development, is 
an additional point in favour of these methods; 
and the characteristic macroscopical appearances so 
frequently assumed are, more especially in the case 
of morphological resemblance or identity, of the 
greatest importance. The colonies on nutrient 
gelatine (examined with a low power) of Baczllus 
anthracts and Proteus mirabilis, the naked eye ap- 
pearances in test-tubes of nutrient gelatine of the 
bacillus of mouse-septicemia (Figs. 114, 115), and 
of anthrax (Fig. 107), and the brilliant and curious 
growth of JZicrococcus indicus (Koch) upon nutrient 
agar-agar (Plate VII11., Fig. 1), may be quoted as 
examples in which the appearances in solid cultiva- 
tions are pathognomic. 


Sotip MeEpIA. 


(A) PREPARATION OF NUTRIENT GELATINE AND 
NUTRIENT AGAR-AGAR. 


Nutrient Gelatine is prepared as follows :— 
Take half a kildgramme of beef (orfe pound), as free 
as possible from fat. Chop it up finely, transfer it 
to a flask or cylindrical vessel, and shake it up well 
with a litre of distilled water. Place the vessel in 


PREPARATION OF NUTRIENT MEDIA. 83 


an ice-pail, ice-cupboard, or in winter in a cold 
cellar, and leave for the night. Next morning 
commence with the preparation of all requisite 
apparatus. Thoroughly wash, rinse with alcohol, 
and allow to dry, about 100 test-tubes. Plug the 
mouth of the test-tubes with cotton-wool, taking 
care that the plugs fit firmly but not too tightly. 
Place them in their wire cages in the hot-air 
steriliser, to be heated for an hour at a tempera- 
ture of 150° C. In the same manner cleanse and 
sterilise several flasks and a small glass funnel. 
In the meantime the meat infusion must be again 
well shaken, and the liquid portion separated by 
filtering and squeezing through a linen cloth. The 
red juice thus obtained must be brought up to a 
litre by again transferring it to a large measuring 
glass and adding distilled water. It is then poured 
into a sufficiently large and strong beaker, and set 
aside after the addition of 


10 grammes of peptonum siccum. 
5 grammes of common salt. 
100 grammes of best gelatine. 


In about half an hour the gelatine is sufficiently 
softened, and subsequent gently heating in a water- 
bath causes it to be completely dissolved. The 
danger of breaking the beaker may be avoided by 
placing a cloth several times folded at the bottom 
of the water-bath. 

The next process requires the greatest care and 
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attention. Some micro-organisms grow best in a 
slightly acid, others in a neutral or slightly alkaline 
medium. For example, for the growth and cha- 
racteristic appearances of the comma bacillus of 
Asiatic cholera a faintly alkaline soil is absolutely 
essential. This slightly alkaline medium will be 
found to answer best for most micro-organisms, and 
may be obtained as follows :— 

With a clean glass rod dipped into the mixture, 
the reaction upon litmus-paper may be ascer- 
tained, and a concentrated solution of carbonate of 
soda must be added drop by drop, until red litmus- 
paper becomes faintly blue. If it has been made 
too alkaline, it can be neutralised by the addition 
of lactic acid. 

Finally, the mixture is heated for an hour in 
the water-bath. Ten minutes before the boiling is 
completed, the white of an egg beaten up with the 
shell is added, and the liquid is then filtered while 
hot. For the filtration, the hot-water apparatus can 
be used with advantage, furnished with a filter of 
Swedish paper made in the following way :— 

About eighteen inches square of the best and 
stoutest filtering paper is first folded in the middle, 
and then, as in Fig. 26, creased into sixteen folds. 
The filter is made to fit the glass funnel by 
gathering up the folds like a fan, and cutting off 
the superfluous part. The creasing of each fold 
should be made firmly to within half an inch of 
the apex of the filter, which part is to be gently 
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inserted into the tube of the funnel. To avoid 
bursting the filter at the point, the broth, when 
poured out from the flask, should be directed 
against the side of the filter with a glass rod. 
During filtration the funnel should be covered over 
with a circular plate of glass, and the process of 
filtration must be repeated, if necessary, until a pale, 
straw-coloured, perfectly transparent filtrate results. 

The sterilised test-tubes are filled for about a 
third of their depth by pouring in the gelatine 








Fic. 26 —MEeETtop OF MAKING A FOLDED FILTER 


carefully and steadily, or by employing a small 
sterilised glass funnel. The object of this care 
is to prevent the mixture touching the part of 
the tube with which the plug comes into contact; 
otherwise, when the gelatine sets, the cotton-wool 
adheres to the tube and becomes a source of 
embarrassment in subsequent procedures. As the 
tubes are filled they are placed im the test-tube 
basket, and must’ then be sterilised. They are 
either lowered into the steam steriliser, when the 
thermometer indicates 100° C., for twelve minutes 
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for four or five successive days; or they may be 
transferred to the test-tube water-bath and heated 
for an hour a day for three successive days. 

If the gelatine show any turbidity after these 
processes, it must be poured back from the test- 
tubes into a flask, boiled up for ten minutes, and 
once more filtered. The processes of sterilisation 
just described must be repeated. 

Nutrient Agar-agar.—Agar-agar has the ad- 
vantage of remaining solid up to a temperature of 
about 45°. The preparation of a sterile nutrient 
jelly is conducted on much the same principles as 
those already described. Instead, however, of 100 
grammes of gelatine, only about 20 grammes of 
agar-agar are employed (1°5—2 per cent.), and 
to facilitate its solution it must be allowed to 
soak in salt-water overnight. For the filtration, 
flannel is substituted for filter-paper, or may be 
used in combination with the latter. The hot- 
water apparatus is invariably employed, unless, 
to accelerate the process, the glass funnel and 
receiver are bodily transferred to the steam 
steriliser. If the conical cap cannot be replaced, 
cloths laid over the mouth of the steriliser must be 
employed instead. It may be necessary to repeat 
the process of filtration, but it must not be ex- 
pected that sueh a brilliant transparency can be 
obtained as with gelatine. The final result, when 
solid, should be colourless and clear; but if only 
slightly milky, it may still be employed. 
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A little liquid gradually collects in the tubes, 
being expressed by the contraction of the agar-agar. 

Glycerine Agar-agar.—This is prepared by 
adding 5 per cent. of glycerine to the mixture of 
nutrient agar-agar after the boiling and before 
the filtration. 

After the final treatment in the steam steriliser 
some of the tubes of gelatine and agar-agar may 
be placed in the blood-serum apparatus, and left 
to gelatinise with an oblique surface. 


(B) METHODS OF EMPLOYING NUTRIENT JELLY IN 
TEST-TUBE- ANI) PLATE-CULTIVATIONS. 


Test-tube-cultivations —To inoculate _ test- 
tubes containing nutrient jelly, the cotton-wool plug 
must be ¢wzsted out, by which means any adhesions 
that may exist are broken down. A sterilised 
needle charged with blood, pus, etc., containing 
the micro-organisms, $r with a colony from a 
plate-culture, is steadily thrust once, and once 
only, into the nutrient jelly. The tube should be 
held with its mouth downwards, to avoid, as far 
as possible, accidental contamination from the 
gravitation of germs in the air; and the plug, 
which has been removed with the thumb and in- 
dex finger of the right hand and held between 
the fourth and fifth fingers of the deft, is replaced 
as rapidly as possible (Fig. 27). 

The chances of error arising from contamination 
of the cultivations are further reduced by avoiding 
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draughts at the time of inoculation, and it is best 
that these manipulations should be carried on in a 
quiet room in which the tables and floor are wiped 
with damp cloths, rather than in a laboratory in 
which the air becomes charged with germs through 
constant sweeping and dust- 
ing, and the entrance and 
exit of classes of students. 
In conducting any investi- 
gation a dozen or more 
tubes should be inoculated, 
and if by chance an ad- 
ventitious germ, in spite of 
these precautions, gain an 
entrance, the contaminated 
tube. can be rejected and 
: the experiments continued 
Fic. 27. with the remaining pure 


METHOD OF INOCULATING A i 
Trst-TUBE conTaINnING Cultivations. 


panei Noes nee Where, however, one tube 
is inoculated from another containing a liquid 
medium, as in the process of preparing plate- 
cultures, or where a culture is made from a tube 
in which the growth has liquefied the gelatine, it 
is obvious that the tubes cannot be inverted, and 
they must then be held and inoculated as in Fig. 28. 
To inoculate those tubes of nutrient media which 
have been gelatinised obliquely, the sterilised needle 
with the material to be cultivated is streaked over 
the.surface from below upwards. 
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Examination of Test-tube-cultivations.— 
The appearances produced by the growths in test- 
tubes can be in most cases sufficiently examined 
with the naked eye. The illustrations in the ac- 
companying plates (Plates IV.—XI., and Plate 
XVIII., Fig. 1) are given as examples of the 
various changes produced in the nutrient media. 
In some cases the jelly is partially or completely 
liquefied, while in others it remains solid. The 
growths may be abundant or scanty, coloured or 
colourless, The nutrient jelly may itself be tinged 
or stained with products resulting from the growth 
of the organisms. When liquefaction slowly takes 
place in the needle track, or the organism grows 
without producing this change, the appearances 
which result are often very delicate, and in some 
cases very characteristic. The appearance of a 
simple white thread, of a central thread with 
branching lateral filaments, of a cloudiness, or of 
a string of beads in the track of the needle, may 
be given as examples. In such cases much may be 
learnt by examining the growth with a magnifying 
glass. Here, however, a difficulty is encountered, 
for the cylindrical form of the tube so distorts the 
appearance of its contents, that the examination 1s 
rendered somewhat difficult. To obviate this, the 
following very simple contrivance may be employed 
with advantage. 

Cheshire’s Trough.—This consists of a rect- 
angular vessel, four inches in height, two inches in 
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width, and one inch in depth. It may be easily 
constructed by cementing together two slips of glass 
to form the back and front, with three slips of stout 
glass with ground edges forming the sides and 
base. The front may be constructed of thin glass, 
and the base of the vessel made to slope so that the 
test-tube when placed in the trough has a tendency 
to be near the front. The trough is filled with a 
mixture of the same refractive index as the nutrient 
gelatine. The latter has a refractive index rather 
higher than water, which is about 1°333; alcohol 
has a refractive index of 1°374. The trough is 
filled with water, and alcohol is then added until the 
proper density is reached. The test-tube is placed 
in the trough, and held in position by means of a 
clip. The trough can be fixed on the inclined stage 
of the microscope, and the contents of the tube 
conveniently examined with low-power objectives. 


PLATE-CULTIVATIONS. 


The key to the success of Koch’s method of 
cultivation on solid media consists in the employ- 
ment of plate-cultivations. By this means, as 
has already been mentioned (p. 81), a mixture of 
bacteria, whether it be in fluids, excreta, or in 
artificial cultivations, can be so treated that the 
different species are isolated one from the other, 
and perfectly pure cultivations of each of the 
cultivable bacteria in the original mixture esta- 
blished in various nutrient media. We are enabled 
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also to examine under a low power of the 
microscope the individual colonies of bacteria, 
and to distinguish, by their characteristic appear- 
ances, micro-organisms which, in their individual 
form, closely resemble one another, or are even 
identical. The same process, with slight modifica- 
tion, is also employed in the examination of air, 
soil, and water, as will be referred to later. 

The preparation of plate-cultivations, therefore, 
must be described in every detail; and, to take 
an example, we will suppose that a series of plates 
are to be prepared from a test-tube-cultivation. 

Arrangement of Levelling Apparatus.—In 
order to spread out the liquid jelly evenly on the 
surface of a glass plate, and hasten its solidifica- 
tion, it is necessary to place the glass plate upon 
a level and cool surface. This is obtained in the 
following manner :—Place a large shallow glass 
dish upon a tripod stand, and fill it to the brim 
with cold water; carefully cover the dish with a 
slab of plate-glass, or a pane of window-glass, and 
level it by placing the spirit-level in the centre and 
adjusting the screws of the tripod. Replace the 
level by a piece of filter-paper, the size of the glass 
plates to be employed, and cover it with a shallow 
bell-glass (Fig. 8). 

Sterilisation of Glass Plates.—The glass 
plates are sterilised by filling the iron box (p. 44), 
and placing it in the hot-air steriliser, at 150° C., 
from one to two hours. As these plates are used 
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also for other purposes, a quantity ready sterilised 
should always be kept in the box. 

Preparation of Damp Chambers.—The damp 
chambers for the reception of the inoculated plates 
are prepared thus :—Thoroughly cleanse and wash 
out with (1-1000) sublimate solution a shallow 
glass dish and bell (Fig. 7). Cut a piece of filter- 
paper to line the bottom of the glass dish, and 
moisten it with the same solution. 

In a glass beaker or an ordinary glass tumbler, 
with a pad of cotton-wool at the bottom, place 
the tube containing the cultivation, the three tubes 
to be inoculated, and three glass rods which have 
been sterilised by heating in the flame of a Bunsen 
burner. Provide yourself with a strip of paper of 
a large label, a pencil, a pair of forceps, and 
inoculating needles. All is now ready at hand to 
commence the inoculation of the tubes. 

Method of Inoculating the Test-tubes.— 
Liquefy the gelatine in the three tubes by placing 
them in a beaker containing water at 30° C., or 
by gently warming them in the flame of the Bunsen 
burner. Keep the tubes, both before and after the 
inoculation, in the warm water, to maintain the 
gelatine in a state of liquefaction. Hold the tube 
containing the cultivation and a tube of the 
liquefied gelatine (to be called the “ original”) as 
nearly horizontal as possible between the thumb 
and index finger of the left hand. With the finger 
and thumb of the right hand loosen the plugs of 
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the tubes. Take the looped platinum needle in the 
right hand and hold it like a pen. Remove the 
plug from the culture-tube by using the fourth and 
fifth fingers of the right hand as forceps, and place 
it between the fourth and fifth fingers of the left. 
Remove the plug of the “original” in the same way, 
placing it between the third and fourth fingers of the 
left hand (Fig. 28). With the loop take up a droplet 





~~ 


Fic 28 —Metuop of INocULATING TEST-1UBES IN THE PREPARATION 
OF PLATE-CULTIVATIONS 


of the cultivation and inoculate the “original,” 
twisting the loop several times in the liquid gelatine. 
Replace the plugs and set aside the cultivation. 
Hold the freshly inoculated tube between the fore- 
finger and thumb of either hand, almost horizontally, 
then raise it to the vertical, so that the liquid gelatine 
gently flows back. By repeating this motion and 
rolling the tube between the fingers and thumbs the 
micro-organisms which have been introduced are 
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distributed throughout the gelatine. Any violent 
shaking, and consequent formation of bubbles, 
must be carefully avoided. From the so-called 
“original” inoculate in the same manner a fresh 
tube of liquefied gelatine, introducing into it three 
droplets with a sterilised loop. This tube is then 
called the “first attenuation,” or No. 1. After 
treating No. 1 as has been already described in the 
case of the original, the same process is repeated 
with a third tube, which is inoculated in the same 
way from No. 1. This is the “second attenua- 
tion,” or No, 2; and in some cases a third atte- 
nuation ” is carried out from No. 2. The last tube 
must be inoculated in different ways, according to 
experience, for different micro-organisms. Some- 
times a sufficient separation of the micro-organisms 
is attained by inoculating the last tube with a fine 
straight needle, dipped from one into the other 
from three to five times. 

The next process consists in pouring out the 
gelatine on a glass plate and allowing it to solidify. 

Preparation of the Gelatine-plates.—The 
directions to be observed in pouring out the gelatine 
are as follows :— 

Place the box containing sterilised plates horizon- 
tally, and so that the cover projects beyond the edge 
of the table; remove the cover, and withdraw a 
plate with sterilised forceps; hold it between the 
finger and thumb by opposite margins, rapidly 
transfer it to the filter-paper under the bell-glass and 


PLATE-CULTIVATIONS. 95 


quickly replace the cover of the box. On removing 
the plug from ‘the original,” an assistant raises 
the bell-glass, and the contents of the tube are 
poured on to the plate; with a glass rod the gelatine 
must be then rapidly spread out in an even layer 
within about half an inch of the margin of the 
plate. The assistant replaces the bell-glass, and the 
gelatine is left to set. Meanwhile a glass bench or 
metallic shelf is placed in the damp chamber, ready 
for the reception of the plate-cultivation, and when 
the gelatine is quite solid the plate is quickly trans- 
ferred from under the bell-glass to the damp chamber; 
precisely the same process is repeated with tubes 1 
and 2, and the damp chamber, labelled with the 
details of the experiment, is set aside for the colonies 
to develop. Not only plate-cultures should be care- 
fully labelled with date and description, but the 
same remark applies equally to all preparations 
—tube-cultures, potato-cultures, drop-cultures, etc. 
In plate-cultivations write the source of the mate- 
rial, the date, and the number of inoculations ; for 
example, thus :— 


Finkler's comma-bacills. 


From tube-cultivation on “agar-agar,” 5th Feb- 


ruary, 1885. 
Lower plate (Orig.) . from cultivation. 
Middle plate, No.1. ,, Orig. 


Upper plate, No. 2 , No.1. 
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Corresponding with the fractional cultivation of 
the micro-organisms obtained in this manner, the 
colonies will be found to develop in the course of a 
day or two, the time varying with the temperature of 
the room. The lower plate will contain a countless 
number of colonies which, if the micro-organism 
liquefies gelatine, speedily commingle, and produce, 
in a very short time, a complete liquefaction of the 
whole of the gelatine. On the middle plate, with 
the first attenuation, the colonies will also be very 
numerous, but retain their isolated position for a 
longer time, while on the uppermost plate, the 
second attenuation, the colonies are completely 
isolated from one another, with an appreciable sur- 
face of gelatine intervening (Plates XII. and XIII). 

Examination of Plate-cultivations. — The 
macroscopical appearances of the colonies are best 
studied by placing the plate on the slab of blackened 
glass, or on the porcelain slab if the colonies are 
coloured. 

To examine the microscopical appearances, a 
selected plate is placed upon the stage of the 
microscope ; it is better to have a larger stage than 
usual for this purpose. The smallest diaphragm is 
employed, and the appearances studied principally 
with a low power. These appearances should be 
carefully noted, and a rapid sketch of the colony 
made. The morphological characteristics of the 
micro-organisms of which the colony is formed can 
then be examined in the following way :—A small 
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looped platinum needle or one bent at the extremity 
into a miniature hook, is held like a pen, and the 
hand steadied by resting the little finger on the 
stage of the microscope. The extremity of the needle 
is steadily directed to the space between the lens 
and the gelatine without touching the latter, until, 
on looking through the microscope, it can be seen 
in the field, above or by the side of the colony under 
examination. The needle is then dipped into the 
colony, steadily raised, and withdrawn. Without 
removing the eye from the microscope this manipu- 
lation can be seen to be successful by the colony 
being disorganised or completely removed from the 
gelatine. It is, however, not easy to be successful 
at first, but with practice this can be accomplished 
with rapidity and precision. A cover-glass prepara- 
tion is then made in the manner already described, 
viz., by rubbing the extremity of the needle on 
a perfectly clean cover-glass and examining by 
Babes’ rapid method, or by thinning out the micro- 
organisms in a droplet of sterilised water previously 
placed on the cover glass, drying, passing three 
times through the flame, and staining with a drop of 
fuchsine. 

Inoculations should be made in test-tubes of 
nutrient gelatine and agar-agar, from the micro- 
organisms transferred to the cover-glass before 
it is dried and stained, from any remnants of the 
colony which was examined, or from other colonies 
bearing exactly similar appearances. In this way 
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pure cultivations are established, and the macro- 
scopical appearances of the growth in test-tubes 
can be studied. The plates should be replaced 
in the damp chambers as soon as possible; drying 
of the gelatine, or contamination with micro- 
organisms gravitating from the air during their 
exposure, may spoil them for subsequent examina- 
tion. Nutrient agar-agar can also be employed 
for the preparation of plate-cultivations, but it is 
much more difficult to obtain satisfactory results. 
The test-tubes of nutrient agar-agar must be 
placed in a beaker with water and heated until the 
agar-agar is completely liquefied. The gas is then 
turned down and the temperature of the water 
allowed to fall until the thermometer stands just 
above 50° C. The water must be maintained at 
this temperature, and the test-tubes must be in turn 
rapidly inoculated and poured out upon the glass 
plates, as already described. Glass plates may 
also be employed in a much simpler method. The 
nutrient jelly is liquefied, poured out, and allowed 
to set. A needle charged with the material to be 
inoculated is then streaked in lines over the surface 
of the jelly. This method is of especial value in 
inoculating different organisms side by side, and 
watching the effect of one upon the other, or a 
micro-organism in this way may be sown upon 
gelatine which has been already altered by the 
growth of another micro-organism; the change 
produced in the gelatine, as in the case of the 
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fluorescing bacillus, extending far beyond the 
limits of the growth itself (Plate IX., Fig. 3). 

Nutrient jelly may also be spread out on steril- 
ised microscopic slides and inoculated as just 
described, or cultivations may be made in shallow 
glass dishes, glass capsules, etc, which must be 
sterilised on the principles already laid down, and | 
after inoculation placed in damp chambers for the 
growths to develop. 


(c) PREPARATION AND EMPLOYMENT OF STERILISED 
POTATOES, POTATO-PASTE, BREAD-PASTE, VEGE- 
TABLES, FRUIT, AND WHITE OF EGG. 


Potato-cultivations.—Sterilised potatoes form 
an excellent medium for the cultivation of many 
micro-organisms, more especially the chromogenous 
species. Potato-cultivations also give in some cases 
very characteristic appearances, which are of value 
in distinguishing bacteria which possess morphologi- 
cal resemblances (Plates XIV.—XVII). 

Preparation of Sterilised Potatoes.— Potatoes, 
preferably smooth-skinned, which are free from 
‘‘eyes” and rotten spots should be selected. If they 
cannot be obtained without eyes and spots, these 
must be carefully picked out with the point of a 
knife with as little destruction of the surface as 
possible. The potatoes are well scrubbed with a 
stiff brush and allowed to soak in sublimate solution 
for half an hour. They are then transferred to the 


100 BACTERIOLOGY. 


potato-receiver and steamed in the steam steriliser 
for twenty minutes to half an hour, varying accord- 
ing to the size of the potatoes. When cooked, the 
potato-receiver is withdrawn and left to cool, the 
potatoes being retained in it until required for use. 

Damp chambers are prepared ready for their 
reception, the vessels being cleansed and washed 
with sublimate as described for plate-cultivations. 
Small glass dishes of the same pattern as the 
large ones (Fig. 13) may be employed for single 
halves of potatoes. Potato-knives and_ several 
scalpels which have been sterilised in an Israel’s 
case by heating them in the hot-air steriliser at 150° 
for one hour must be ready to hand. The potato- 
knives may also be sterilised by heating them in 
the flame of a Bunsen burner and placing them 
on their backs with their blades projecting over 
the edge of the table. Scalpels may be sterilised 
in the same way and laid upon a sterilised glass 
plate and covered with a bell-glass. It must not 
be forgotten, however, that heating the blades in 
the flame destroys the temper of the steel, and 
therefore knives and other instruments should 
preferably be sterilised in the hot-air steriliser, en- 
closed in an Israel’s case, or simply enveloped 
in cotton-wool. 

Inoculation of Potatoes.—The coat-sleeves 
should be turned back, and the hands, after a 
thorough washing with good lathering soap, be 
dipped in sublimate solution. An assistant opens 


POTATO-CULTIVATIONS. IO! 


the potato-receiver, and a potato is selected and 
held between the thumb and index finger of the 
left hand (Fig. 29). With the knife held in the 
right hand, the potato is almost completely divided 
in the direction which will give the largest surface. 
The assistant raises the cover of the damp chamber, 
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and the potato is introduced, and while withdrawing 
the knife, allowed to fall apart. The cover is quickly 
replaced, and another potato treated in the same way 
is placed in the same damp chamber. The four 
halves are then quite ready for inoculation. As an 
extra precaution the left hand is again dipped in 
sublimate, and one half of a potato is taken up 
between the tips of the thumb and index finger, 
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care being taken to avoid touching the cut surface. 
Holding it with its cut surface vertical, a small 
portion of the substance to be inoculated is placed 
on the centre with a sterilised platinum needle. 
With a sterilised scalpel the inoculated substance 
is rapidly spread over the surface of the potato 
with the flat of the blade to within a quarter of 
an inch of the margin, and the potato is then as 
quickly as possible replaced in the moist chamber. 
With another sterilised scalpel a small portion of 
the potato from the inoculated surface of the first 
half is in the same way spread over the surface of 
the second half, this forming as in plate-cultivations 
a “first attenuation.” Exactly the same is repeated 
with a third potato, and even a fourth, so that a still 
further attenuation or fractional cultivation of the 
micro-organisms may be obtained. In some cases 
it is necessary to place the cultures in the incubator ; 
others grow very well at the temperature of the 
room. As in plate-cultivations, the potato may also 
be inoculated by simply streaking it in lines with a 
needle charged with the material to be inoculated. 
In that case it is better to place a wedge-shaped 
slice of raw potato in a sterilised test-tube. <A 
number of these tubes may be prepared ready for 
use. The tubes are plugged with cotton-wool, and 
the potato steamed in the steam steriliser. 


POTATO-PASTE. 
Potato-paste is sometimes employed where it is 
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desirable to obtain an extensive growth of certain 
bacteria. The potatoes are boiled for an hour, and 
the floury centre squeezed out of their skins. This 
is then mashed up with sufficient sterilised water to 
produce a thick paste, and is heated in the steam 
steriliger for half an hour for three successive days. 


BREAD-PASTE, 


Some micro-organisms, more especially mould 
fungi, grow very well on bread-paste. This is 
prepared by removing the crust from a stale loaf 
of bread and allowing it to dry in the oven. It 
is then broken up, and reduced to a fine powder 
with a pestle and mortar. Small, carefully cleansed, 
conical, or globe-shaped flasks are plugged with 
cotton-wool and sterilised in the oven. When cool 
a small quantity of the powder is placed in them, 
and sterilised water added in the proportion of one 
part for every four of the powder. The paste is 
sterilised by steaming in the steriliser at 100° C. 
for half an hour for three successive days. The 
flasks can be reversed, and are inoculated in the 
usual way with a platinum needle. 


CULTIVATIONS ON VEGETABLES, FRUIT, WHITE OF 
EGG, ETC. = 


Boiled carrots and other vegetables, and various 
kinds of stewed fruit, are also occasionally employed 
for the cultivation of bacteria. The sterilisation of 
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these media must be carried out on the principles 
already explained. White of egg may be poured 
out on sterilised glass plates, or in shallow glass 
dishes, boiled in the steam steriliser, and after 
inoculation placed in a damp chamber. 


(D) PREPARATION AND EMPLOYMINT OF STERILE 
BLOOD SERUM. 


The tubercle-bacillus, the bacillus of glanders and 
many other micro-organisms thrive well when culti- 
vated on solid blood serum. This medium has the 
additional advantage of remaining solid at all tem- 
peratures. The technique required for its preparation 
and sterilisation is as follows :—Several cylindrical 
vessels, about 20 cm. high, are thoroughly washed 
with sublimate solution (1-1000), and then with 
alcohol, and finally rinsed out with ether. The 
ether is allowed to evaporate, and the vessels are 
then ready for use. The skin of the animal selected 
—calf, sheep, or horse—is washed with sublimate at 
the seat of operation, and the bleeding ts performed 
with a sterilised knife. The first jet of blood from 
the vein is rejected, and that which follows is allowed 
to flow into the vessels until they are almost full. 
The ground-glass stoppers, greased with vaseline, 
are replaced, and the vessels set aside in ice, as 
quickly as possible, for from twenty-four to thirty 
hours, By that time the separation of the clot is 
completed, and the clear serum can then be trans- 
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ferred to plugged sterile test-tubes. These should 
be filled with a sterilised pipette for about a third of 
their length, and are then placed in Koch’s slow 
steriliser with the temperature maintained for an 
hour at 58°C. The same process is repeated for 
six successive days, the temperature on the last day 
being gradually raised to 60°. This completes the 
sterilisation, but to solidify the serum it is necessary 
to arrange the tubes in the inspissator at the angle 
required. The temperature of this apparatus is kept 
between 65° and 68° C. Directly solidification 
takes place the tubes must be removed, and they 
should then present the character of being hard, 
solid, of a pale straw colour, and transparent. A 
little liquid collects at the lowest point, and the 
serum is sometimes milky in appearance at its 
thickest part. The serum may not only be employed 
in test-tubes, but also in small flasks, glass capsules, 
or other vessels, all of which must be cleansed and 
sterilised in the usual way. Hydrocele fluid and 
other serous effusions may be prepared in the same 
manner, or gelatine may be added to the serum in 
the proportion of 5 per cent. 

Inoculation of the Tubes.—A small portion of 
the material to be inoculated is taken up with a 
sterilised platinum needle, and drawn in lines aver 
the sloping surface of the serum ; or a minute piece 
of tissue, tubercle, etc., may be introduced into the 
tube and deposited on the surface of the nutrient 
medium. The precautions that are to be observed 
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in isolating the material to be inoculated will be 
referred to later (p. 141). 


Lioguip Menta. 


(E) PREPARATION OF STERILISED BOUILLON, LIQUID 
BLOOD SERUM, URINE, MILK, VEGETABLE INFU- 
SIONS, AND ARTIFICIAL NOURISHING LIQUIDS. 


Nutrient liquids are still largely employed, and 
by some observers even in preference to the solid 
media advocated by Koch. It must not be supposed, 
however, that the methods of cultivation in liquids 
are discarded entirely by the modern school, for 
there is no more instructive method than the 
employment of so-called drop-cultures, For inocu 
lation experiments where the presence of gelatine 
is undesirable, for studying the physiology and 
chemistry of bacteria and where for any object 
a rapid growth of micro-organisms is necessary, 
the employment of liquid media is not only advis- 
able, but is absolutely necessary. Liquid media 
comprise two distinct groups—naturad and artzficzal. 
The natural group includes meat broths, blood, 
urine, milk, and vegetable infusions ; the artificial 
are solutions built up from a chemical formula 
representing the essential food constituents. 


NATURAL MeEpIA. 


Bouillon.—A broth of bouillon of beef, pork, 
or chicken may be made in the same manner as 
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described for the preparation of nutrient gelatine, 
with simply omission of the yelatine. After the 
neutralisation with carbonate of soda solution drop 
by drop, the flask of broth is placed in the steam 
steriliser for half an hour at 100° C. A clear 
liquid results on filtration, which is transferred to 
plugged sterilised flasks or test-tubes, and sterilisa- 
tion effected by exposing them in the steam steriliser 
for half an hour at 100° C. for two or three succes- 
sive days. 

Liquid Blood Serum.—tThe preparation of 
sterile blood serum has already been described. It 
may be used for cultivation, especially in the form 
of drop-cultivations, before the final treatment by 
which it is solidified. Hydrocele fluid, peritonitic 
and pleuritic effusions, can also be employed after 
sterilisation in the steam steriliser. The fluid should 
be withdrawn with a sterilised trocar and canula, 
and received into plugged sterilised flasks. 

Urine.—In order to obtain urine free from micro- 
organisms the following precautions must be ob- 
served :—The orifice of the urethra must be 
thoroughly cleansed with sublimate solution. The 
first jet of urine should be rejected, and the rest 
received into sterilised vessels, which must be quickly 
closed with sterile plugs. If these precautions benot 
attended to the urine must be rendered sterile by 
the means described for the sterilisation of bouillon. 

Milk.—If milk has been drawn into sterile flasks 
after thoroughly cleansing and disinfecting the teats 
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and hands, it may be kept without change. If pro- 
cured without these precautions, it must be steamed 
in the steriliser for half an hour for five successive 
days. 

Vegetable Infusions. — Infusions of hay, 
cucumber, and turnip are used for special purposes, 
and more rarely decoctions of plums, raisins, malt, 
and horse-dung. They are mostly prepared by 
boiling with distilled water, after maceration for 
several hours. The filtrate is received into sterile 
flasks and sterilised in the usual way in the steam 
steriliser. 


ARTIFICIAL FLUIDS. 


Pasteur’s Fluid.—This solution is prepared by 
mixing the ingredients in the following propor- 
tions :— 


Distilled water ; . 100 
Pure cane sugar... . 10 
Ammonium tartrate ; , I 
Ash of yeast . ; : 075 


Cohn-Mayer Fluid.—Mayer’s modification of 
the nourishing fluid employed by Cohn is as 
follows :— 


—Distilled water , . 20 
Phosphate of potassium . . I 
Sulphate of magnesium .  .. "I 
Tribasic calcium phosphate _.. ‘Ol 


Ammonium tartrate. . , “2 
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(x) METHODS OF STORING AND ¥MPLOYING LIQUID 
MEDIA } LISTER’S FLASKS, AITKEN’S TEST-TUBES, 
STERNBERGS BULBS, PASTEURS APPARATUS, 
MIQUEL'S BULBS ; DROP-CULTURES. 


Cultivations in liquid media can be carried on 
in test-tubes, but it is more satisfactory to employ 
special forms of flasks, bulbs, U tubes, etc. As 
test-tubes and flasks containing liquid media cannot 
be inverted, inoculation with a sterilised needle must 
be carried out as rapidly as possible, with the addi- 
tional precaution of closed windows and doors. 

Lister’s Flasks.—These flasks (p. 48) were 
especially introduced by Lister as a means of storing 
liquid nutrient media. They are so constructed that 
after removal of a portion of the contents, on re- 
storing the vessel to the vertical position, a drop 
of liquid always remains in the extremity of the 
nozzle, which prevents the regurgitation of unfiltered 
air. 

Sternberg’s Bulbs.— The method of introducing 
liquid into the bulbs employed by Sternberg, and of 
sterilising and inoculating it, is as follows :—The 
bulb is heated slightly over the flame, and the 
extremity of the neck, after breaking off the segqled 
point, is plunged beneath the surface of the liquid. 
As the air cools the liquid is drawn into the bulb, 
usually filling it to about one-third of its capacity. 
The neck of the flask is again sealed up, and the 
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and hands, it may be kept without change. If pro- 
cured without these precautions, it must be steamed 
in the steriliser for half an hour for five successive 
days. 

Vegetable Infusions. — Infusions of hay, 
cucumber, and turnip are used for special purposes, 
and more rarely decoctions of plums, raisins, malt, 
and horse-dung. They are mostly prepared by 
boiling with distilled water, after maceration for 
several hours. The filtrate is received into sterile 
flasks and sterilised in the usual way in the steam 
steriliser. 


ARTIFICIAL FLUIDS. 


Pasteur’s Fluid.—This solution is prepared by 
mixing the ingredients in the following propor- 
tions :— 


Distilled water . 100 
Pure cane sugar... . 10 
Ammonium tartrate , , : I 
Ash of yeast . ; ; 075 


Cohn-Mayer Fluid.—Mayer’s modification of 
the nourishing fluid employed by Cohn is as 
follows :— 


—Distilled water ; . 20 
Phosphate of potassium . "y 
Sulphate of magnesium . I 
Tribasic calcium phosphate _.. ‘OI 


Ammonium tartrate . : . ; “2 
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(F) METHODS OF STORING AND FMPLOYING LIQUID 
MEDIA } LISTER’S FLASKS, AITKEN’S TEST-TUBES, 
STERNBERGS BULBS, PASTEUR’S APPARATUS, 
MIQUEL’S BULBS ; DROP-CULTURES. 


Cultivations in liquid media can be carried on 
in test-tubes, but it is more satisfactory to employ 
special forms of flasks, bulbs, U tubes, etc. As 
test-tubes and flasks containing liquid media cannot 
be inverted, inoculation with a sterilised needle must 
be carried out as rapidly as possible, with the addi- 
tional precaution of closed windows and doors. 

Lister’s Flasks.—These flasks (p. 48) were 
especially introduced by Lister as a means of storing 
liquid nutrient media. They are so constructed that 
after removal of a portion of the contents, on re- 
storing the vessel to the vertical position, a drop 
of liquid always remains in the extremity of the 
nozzle, which prevents the regurgitation of unfiltered 
air. 

Sternberg’s Bulbs.— The method of introducing 
liquid into the bulbs employed by Sternberg, and of 
sterilising and inoculating it, is as follows :—The 
bulb is heated slightly over the flame, and the 
extremity of the neck, after breaking off the seqled 
point, is plunged beneath the surface of the liquid. 
As the air cools the liquid is drawn into the bulb, 
usually filling it to about one-third of its capacity. 
The neck of the flask is again sealed up, and the 
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liquid which has been introduced is sterilised by 
repeatedly boiling the flasks in the water-bath. 
They should then be placed in the incubator for 
two or three days ; and if the contents remain trans- 
parent and free from film, they may be set aside as 
stock-bulbs, to be used when required. 

To inoculate the liquid in the bulb the end of 
the neck is heated to sterilise the exterior, the bulb 
is gently warmed, and the extremity of the neck 
nipped off with a pair of sterilised forceps. The 
open extremity is plunged into the liquid containing 
the micro-organism, a minute quantity enters the 
tube and mingles with the fluid in the bulb, without 
fear of contamination by atmospheric germs. The 
extremity of the neck is once more sealed up in the 
flame of a Bunsen burner. 

Aitken’s Tubes.—These tubes are plugged and 
sterilised, and the nutrient medium introduced as 
into ordinary test-tubes. Instead of withdrawing 
the cotton-wool plug, they are inoculated by means 
of the lateral arm. The sealed extremity of the 
arm is nipped off with sterilised forceps, and the 
inoculating needle is carefully introduced through 
the opening thus made. It is directed along the 
arm until it touches the opposite side of the test- 
tubep where it deposits the material with which it 
was charged. The needle is withdrawn, and the 
end of the lateral arm again sealed up in the flame ; 
the test-tube is then tilted until the liquid touches 
the deposited material; on restoring the tube to 
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the vertical the material is washed down into the 
body of the nutrient liquid. 

Pasteur’s Apparatus.—Special forms of tubes, 
bulbs, and pipettes are employed by the school 
of Pasteur. The tubes are provided with lateral 
or with curved arms drawn out to a fine point, 
and with slender necks plugged with cotton-wool. 
A double form shaped like a tuning-fork, each 
limb with a bent arm, is a convenient form for 
storing sterilised bouillon. The sealed end of an 
arm is nipped off with sterilised forceps, the sterile 
bouillon aspirated into each limb, and the arm 
again sealed in the flame; a series of such tubes 
can be arranged upon a rack on the working 
table.* 

Bulbs with a vertical neck drawn out to a fine 
point, others with a neck bent at an obtuse angle, 
plugged with cotton-wool, and a lateral curved arm 
drawn out toa fine point, are also employed. For 
a description of these various vessels and their 
special advantages, the works of Pasteur and 
Duclaux must be consulted. 

Miquel’s Bulbs.—The ¢ude a boule of Miquelt 
is also a very useful form. It consists of a bulb 
of 50 cc. capacity blown in the middle of a glass 
tube. The part of the tube above the bulb is son- 
tracted about half-way between the bulb and its 
extremity, and can either be left quite straight or 


* Duclaux, Ferments et Maladies. 1882. 
+ Miquel, Les Organismes Vivants de ?Atmosphére. 1883. 
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can be made to curve slightly. On either side of 
the contraction the tube is plugged with asbestos. 
The portion of the tube below the bulb is § shaped, 
and drawn out at its extremity into a fine point. 
The bulbs are charged with nutrient liquid and 





structive one, It enables us to study many of the 
changes which take place during the life history YF 
micro-organisms. This is illustrated, for example! 
by the anthrax bacillus, where we can watch the! 
gradual growth of a single bacillus into a long ' 
filament, and the subsequent development of bright 
oval spores. It is necessary carefully to observe the 
minutest details to maintain the cultivation pure. 
An excavated slide is thoroughly cleaned, and 
then sterilised by being held with the cupped side 
downwards in the flame of the Bunsen burner. A 
ring of vaseline is painted round the excavation, 
and the slide is then placed under a glass bell. 
Meanwhile a carefully cleansed cover-glass is also 
sterilised by passing it through the flame, and 
should be deposited on the plate of blackened glass. 
Withea sterilised looped needle, a drop of sterile 
bouillon is transferred to the cover-glass, and this 
is inoculated by touching it with another sterilised 
needle charged with the material, without disturbing 
the form of the drop. It is quite sufficient just to 
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touch the drop instead of transferring a visible 
quantity of blood, juice, or growtl., as the case may 
be. The slide is then inverted and placed over the 
cover-glass, so that the drop will come exactly in 
the centre of the excavation, and 1s gently pressed 
down. On turning the slide over again the cover- 
glass adheres, and an additional layer of vaseline is 
painted round the edges of the cover-glass itself. 
The slide must be labelled, and, if necessary, placed 
in the incubator, and the results watched from time 
to time. Instead of bouillon, liquid blood serum 
may also be employed in this form of cultivation. 
If it be required to preserve the drop-cultivation as 
a microscopic preparation, the cover-glass is gently 
lifted off and allowed to dry. Any vaseline ad- 
hering to the cover-glass should be wiped off, and 
the cover-glass can then be passed through the 
flame and stained in the usual manner. 

Moist Chambers.—Unless drop-cultures are 
very carefully prepared, they are liable to dry up, 
if kept for examination for several days. Many 
therefore prefer employing a moist chamber. There 
are several different forms in use. 

The drop-culture slide may be converted into a 
moist chamber by having a deep groove cut round 
the circumference of the concavity. This groeve-is 
filled with sterilised water by means of a pipette. 
A ring of vaseline is painted with the camel’s-hair 
brush outside the groove, and the cover-glass, with 


the drop-cultivation, is inverted and placed over the 
8 
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concavity. This form is very useful, as the slide 
can be easily cleansed and effectually sterilised by 
holding it in the flame of the Bunsen burner. 

A very simple form of moist chamber, which may 
be used in some cases, but possesses the disadvan- 
tage of not admitting of sterilisation by heat, may 
be constructed as follows*:— 

A small piece of putty or modelling wax is rolled 
into a cord about two inches long and 3 inch thick. 
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By uniting the ends a ring is formed, which is placed 
on the middle of a clean glass slide (Fig. 30). A 
drop of water is placed in the centre of the ring, 
and the cell roofed in by applying the cover-glass. 

A somewhat similar cell in form, which has the 
adyantage of permitting of thorough cleansing, may 
be constructed by cementing a glass ring with flat 
surfaces to an ordinary slide. Vaseline is applied 
with a camel’s-hair brush to the upper surface of 


* Schafer’s Course of Practical Histology, 1877. 
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the ring, and one or two drops of water placed with 
a pipette at the bottom of the cell. The cover- 
glass, with the preparation, is then inverted over 
the cell and gently pressed down upon the glass 
ring. The vaseline renders the cell air-tight, and, 
to a certain extent, fixes the cover-glass to the ring. 

Warm Stages.—To apply warmth while a pre- 
paration is under continuous observation, we must 
either place the microscope bodily within an in- 
cubator, with the eyepiece protruding through an 
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Fig 31—-SIMPLE WARM SIaGE 


opening, so that we may observe what is going on 
without moving the preparation, or we must em- 
ploy some means of applying heat directly to the 
preparation. 

A simple warm stage may be made of an oblong 
copper plate, two inches long by one inch wide, from 
one side of which a rod of the same material pro- 
jects. The plate has a round aperture in the middle, 
half an inch in diameter, and is fastened to an or- 
dinary slide with sealing wax. The drop to be 
examined is placed on a large-sized cover-glass and 
covered with a smaller one. Olive oil or vaseline 
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is painted round the edge of the smaller cover-glass 
to prevent evaporation, and the preparation is placed 
over the hole in the plate (Fig. 31). 

The slide bearing the copper plate is clamped to 
the stage of the microscope (Fig. 32). The flame 
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Fig 32—SimFLE Warm S1ACE SHOWN IN OPFRATION 


of a spirit-lamp is applied to the extremity of the 
rod, and the heat is conducted to the plate and 
thencé transmitted to the specimen. That the 
temperature of the copper plate may be approxi- 
mately that of the body, the lamp is so adjusted 
that a fragment of cacao butter and wax placed 
close to the preparation is melted. 
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For more accurate observations, the apparatus 
shown in Fig. 33 may be employed. The vessel 7, 
filled with water which has been boiled to expel the 
air, is heated by means of a gas-flame at g. The 
warmed water ascends the india-rubber tube ¢ to the 
brass box a. The box is pierced by a tubular 
aperture to admit light to the object, and has an 
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exit tube ¢’, by which the cooled water from the 
stage returns to be reheated by the flame g. Atd 
is a gas-regulator, so that a constant temperature 
at any desired point can be maintained. 

Another form, in which warm water or steanr’can 
be used for heating, and by the employment of 
iced water also used for observing the effects of 
cold, is shown in Fig. 34. It consists of a hollow 
rectangular box, with a central opening (C) permitting 
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the passage of light. The water makes its exit and 
entrance at the side tubes a, a, and the temperature 
is indicated by a thermometer in front. 
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iG 34-—STRICKERS WARM STACE 





Israel’s Warming Apparatus.—It is obvious 
that in employing very high powers a difficulty will 
be presented by the warm stages just described, 
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Fig 35 —Secrion oF ISRAFLS WARMING APFARATLS AND 
Drop-cuLTuRF S.Lipr 
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owing to their interference with the illumination. 
To overcome this an apparatus has been constructed 
by which the slide is warmed from above.* 


* Israel, Zertsch. 7. Wiss. Mikrosc, u., pp. 459-63. 1885. 
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The drop-culture slides are provided with a 
shallow groove ‘1 mm. deep and 1 mm. broad, cut 
round the concavity. Into this the cover-glass 
fits, so that its upper surface is flush with that of 
the slide. The heating apparatus consists of a flat 
disk-shaped box with a central conical aperture 
(Fig. 35). 


The entrance and exit pipes are fixed on at a 
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right angle to the side (Fig. 36). The former, ;, 
is of metal, and the latter, a, of glass fitted with 
a thermometer, the bulb of which, 4, is contained 
within the box. A partition, s, keeps up a current 
between the openings of the pipes, which are 
supported on a stand and connected by tubing 
with the hot-water supply (Fig. 37). 

A mixture of paraffine and vaseline is recom- 
mended for indicating the temperature of the 
chamber, and experience has shown that if a 
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temperature of 37°C. be required the temperature 
of the water in the box must range between 42° 


and 47° C. 
Gas Chambers.—To investigate the action of 
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gaseS or vapours upon micro-organisms, a modi- 
fication of the simple moist chamber (Fig. 30) 
may be employed (Fig. 38). 

A piece of glass tubing is first fixed to the slide 
by means of sealing wax, and the ring of putty is 
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so placed as to include the end of this, leaving 
a small interval at the side, or a little notch is 
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made in the putty opposite, so as to afford an exit 
for the gas or vapour (Fig. 39). 





Fic 39.—-Gas Cuamprr iv Use win Apparatus FoR GFNERAIING 
CarBonic ACID » 


A more complicated apparatus, combining both a 
warm stage and a gas chamber, is shown in Fig. 40. 
This consists of a rectangular piece of ebonite (EE) 
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fixed to a brass plate which rests on the stage of the 
microscope. On the upper surface of the ebonite is 





Fic. 40.—STricker’s ComBINED GAS CHAMBER AND WARM STAGE. 


another brass plate (f), with an aperture (c) leading 
into a brass tube closed below by a piece of glass. 
To heat the apparatus the copper wire B is placed 
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on the tube a, and its extremity heated by the flame 
of the lamp. The nearer the lamp to the stage 
the higher the temperature, which is indicated by 
the thermometer 4. To employ it as a gas chamber 
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the wire B is laid aside, and the gas is conducted 
into the chamber by the tube a’, and escapes by the 
tube a. 

Application of Electricity.—To study the 
effect of electricity we may prepare a drop-culture 
in the moist chamber (Fig. 41). The cover-glass 
to be used is provided with two strips of tinfoil, 
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which are isolated from the brass of the microscope, 
and so arranged that a current of electricity may 
be passed through them (Fig. 42). 

A much simpler plan, which may also be emplpyed, 
is to take an ordinary glass slide and coat the sur- 
face with gold-size. The slide is then pressed 
firmly down on gold-leaf or tinfoil and allowed to 
dry. When dry, the metal is scraped away, leaving 
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two triangles with a small interval between them, as 
in Fig. 43. 





Fic. 43.—SLIDE WITH GOLD-LEAF ELECTRODES. 


The liquid containing the micro-organisms 1s 
placed between the electrodes, covered with a cover- 
glass, and then subjected to the electric current. 


CHAPTER V. 


EXAMINATION OF AlR, SOIL, AND WATER. 
AIR. 


THE air, as is well known, contains in suspension 
mineral, animal, and vegetable substances. The 
mineral world is represented by such substances as 
silica, silicate of aluminium, carbonate and phosphate 
of calcium, which may be raised from the soil by 
the wind, and particles of carbon, etc., which gain 
access from accidental sources. Belonging to the 
animal kingdom we find the dédris of perished 
creatures, as well as sometimes living animals. 
The vegetable world supplies micrococci, bacilli, 
and other forms of the great family of bacteria, 
spores of other fungi, pollen seeds, parts of flowers, 
and so forth. The air of hospitals and sick rooms 
has been found to be especially rich in vegetable 
forms, ¢.g., fungi and spores have been observed as 
present in particularly large numbers in cholera 
wards, spores of tricophyton have been discoyered 
in the air of hospitals for diseases of the skin, 
and achorioni n wards with cases of favus. The 
tubercle-bacillus is said to have been detected in the 
breath of patients suffering from phthisis. 
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These points indicate that, in addition to the 
interest for the microbiologist, considerable import- 
ance, from a hygienic point of view, must be 
attached to the systematic examination of the air. 
Especially a knowledge of the microbes which are 
found in the air of marshy and other unhealthy dis- 
tricts, and in the air of towns, dwellings, hospitals, 
workshops, factories, and mines, will be of practical 
value. 

Miquel,* who has particularly studied the bac- 
teria in the air, has found that their number varies 
considerably. The average number per cubic metre 
of air for the autumn quarter at Montsouris is given 
at 142, winter quarter 49, spring quarter 85, and 
summer quarter 105. In air collected 2,000 to 
4,000 metres above the sea-level, not a single bac- 
terium or fungus spore was furnished, while in 10 
cubic metres of air from the Rue de Rivoli (Paris) 
the number was computed at 55,000. 

The simplest method for examining the organisms 
in air consists in exposing plates of glass or micro- 
scopic slides coated with glycerine, or a mixture of 
glycerine and glucose, which is stable, colourless, 
and transparent. Nutrient gelatine spread out on 
glass plates (p. 91), may be exposed to the air for a 
certaig time, and then put aside in damp chambers 
for the colonies to develop. Sterilised potatoes, 
prepared in the usual way (p. 99), may be similarly 
exposed, In both the last-mentioned methods 


* Miquel, Organismes Vivantes de l Atmosphere. 
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separate colonies develop, which may be isolated as 
already described, and pure cultivations carried on 
in various other nutrient media (p.97). Nutrient 
gelatine has also been employed in the special 
methods of Koch and Hesse. 

Koch’s Apparatus.—This consists of a glass 
jar, about six inches high, the neck of which is 
plugged with cotton-wool. In the interior is a 
shallow glass capsule, which can be removed by 
means of a brass lifter. The whole is sterilised 
by exposure to 150° C. for an hour in the hot-air 
steriliser. The nutrient gelatine in a stock-tube is 
liquefied, and the contents emptied into the glass 
capsule. The jar is exposed to the air to be 
examined for a definite time, the cotton-wool plug 
replaced, and the apparatus set aside for the 
colonies to develop. 

Hesse’s Apparatus (Fig. 44).—The advantage 
of this apparatus consists in that a known volume 
of air can be examined. A glass cylinder, 70 cm. 
long and 3°5 cm. in diameter, is closed at one end 
by an india-rubber cap, perforated in the centre. 
Over this fits another cap, which is not perforated. 
The opposite end of the cylinder is closed with a 
caoutchouc stopper, perforated to admit a glass tube 
plugged with cotton-wool. The tube can be con- 
nected by means of india-rubber tubing with an 
aspirating apparatus. This apparatus consists of a 
couple of litre-flasks, suspended by hooks from the 
tripod-stand which supports the whole apparatus. 
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The cylinder, caps, and plug are washed with solu- 
tion of corrosive sublimate, and then with alcohol. 
After being thus cleansed, 50 ccm. of nutrient gela- 
tine are introduced, and the whole sterilised by 
steaming for half an hour for three successive days. 





Fic 44.—HeEsse’s APPARATUS 


After the final sterilisation, the cylinder is rotated 
on its long axis, so that the nutrient medium 
sqlidifies in the form of a coating over the whole 
of the interior. When required for use, the cotton- 
wool plug is removed from the small glass tube, 
and the latter connected with the upper flask by 
means of the india-rubber tubing. 
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The apparatus is placed in the air which is to be 
examined, the outer india-rubber cap removed from 
the glass cylinder, and the upper flask tilted until 
the water begins to flow into the lower one. The 
emptying continues by syphon action, and air is 
drawn in along the cylinder to replace the water. 
When the upper flask is empty, the position of the 
two is reversed, and the flow again started. When 
a sufficient volume has been drawn through the 
cylinder, the outer cap and the cotton-wool plug are 
replaced, and it is set aside for the colonies to 
develop. As an example, twenty-five litres of air 
from an open square in Berlin gave rise to three 
colonies of bacteria and sixteen moulds; on the 
other hand, two litres from a schoolroom just 
vacated by the scholars gave thirty-seven colonies 
of bacteria and thirty-three moulds. 

Various forms of ‘‘aeroscopes” and “ aeroni 
scopes” have from time to time been employed. 
Pouchet’s aeroscope consists of a small funnel, 
drawn out to a point below which is a glass slip 
coated with glycerine. The end of the funnel and 
the glass slip are enclosed in an air-tight chamber, 
from which a small glass tube passes out, connected 
by india-rubber tubing with an aspirator. The 
air passing down the funnel strikes upon the 
glycerine, which arrests any solid particles. For 
a description of the more exact apparatus em- 
ployed by Maddox, Cunningham, and Miquel, 
reference should be made to the writings of these 
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authors, and particularly to the treatise published 
by the last-named. 


EXAMINATION OF SOIL. 


Surface soil, or mould, is exceedingly rich in 
bacteria. Miquel, ¢.g., has computed that there 
exists in a gramme of soil an average of 750,000 
germs at Montsouris, 1,300,000 in the Rue de 
Rennes, and 2,100,000 in the Rue de Monge. As 
agents of putrefaction and fermentation they play a 
very important 7d/e in the economy of nature; but 
there exist in addition bacteria in the soil which 
are pathogenic in character. Pasteur has succeeded 
in isolating the bacillus of anthrax from the earth, 
and sheep, sojourning upon a plot of ground where 
animals with anthrax had been buried, succumbed 
to the disease. Pasteur considered that the spores 
were conveyed by worms from buried beasts to the 
surface soil. The bacillus of malignant cedema is 
also present in soil, and Nicolaier has cultivated a 
bacillus from earth which produces tetanus in mice, 
rabbits, guinea-pigs, and other animals. 

To obtain a cultivation of the microbes in soil a 
sample of the latter must be first dried and then 
triturated. It may then be shaken up with distilled 
water, and from this a drop transferred to sterilised 
bouillon. The employment of solid media is, how- 
ever, much more satisfactory : a sample of earth is 
collected, dried, and triturated, and a small quantity 
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sprinkled over the surface of nutrient gelatine pre- 
pared for a plate-cultivation. 1n another method 
the gelatine is liquefied in a test-tube, the powder 
added, and, in the usual way, distributed throughout 
the medium, which is then poured out upon a glass 
plate. Just in the same way the dust which settles 
from the air in houses and hospitals, or food sub- 
stances in powder, may be distributed over nutrient 
gelatine, and the micro-organisms which develop 
studied, both as to their morphological and biological 
characteristics. 


EXAMINATION OF WATER. 


As in the case of air, so, too, in that of water a 
knowledge of the micro-organisms which may be 
present is not only of interest to the microbiologist, 
but of the greatest importance in practical hygiene. 
Common putrefactive bacteria and vibrios may not 
be hurtful in themselves, but they indicate the 
probability of the presence of organic matter in 
some of which there may be danger.* 

The Microzyme Test, which was introduced 
for their detection, consisted in adding three or four 
drops of the sample of water to 1 or 2 ccm. of 
Pasteur’s fluid, the nourishing fluid having ,beea 
previously boiled in a sterilised test-tube. If the 
microzymes or their germs existed in the water, 
the liquid in a few days became milky from the 


* Parkes, Manual of Practical Hygrene. 1883. 
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presence of countless bacteria. This test is of no 
real value, for it does little more than indicate that 
bacteria are present, which we know to be the 
case in all ordinary water, and even in ice. On 
the other hand, the bacteriological test of Koch is 
a most valuable addition to the usual methods of 
water-analysis. It enables us not only to detect the 
presence of bacteria, but to ascertain approximately 
their number, and to study very minutely their 
morphological and biological characteristics. The 
importance of a thorough acquaintance with the 
life-history of the individual micro-organisms cannot 
be too strongly insisted upon. For example, by 
such means the spirillum of Asiatic cholera can be 
distinguished from other comma-shaped organisms, 
and inasmuch as its presence may be an indication 
of contamination with choleraic discharges, such 
water should be condemned for drinking purposes, 
even though we may not yet be in a position to 
affirm that the microbe is the cause of the disease. 
The test, in short, consists in making plate-cultiva- 
tions of a known volume of water, counting the 
colonies which develop, isolating the micro- 
organisms, and studying the characters of each 
individual form. 

' Collection and Transport of Water Samples. 
—Erlenmeyer's conical flasks of about 100 ccm. 
capacity may be employed with advantage for 
collecting the samples of water. They are 
cleansed, plugged, and sterilised in the hot-air 
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steriliser. When required for use, the plug is 
removed and held between the fingers, which must 
not touch the part which enters the neck of the 
flask. About 30 ccm. of the water to be examined 
are introduced into the flask, and the plug must be 
quickly replaced and covered with a caoutchouc cap. 
If collected from a tap, the water should first be 
allowed to run for a few minutes, and the sample 
should be received into the flask without the 
neck coming into contact with the tap. From a 
reservoir or stream the flasks may be filled by 
employing a sterilised pipette. During transport 
contact between the water and cotton-wool plug 
must be avoided, and if likely to occur the sample 
must be collected and forwarded in a Sternberg’s 
bulb. 

Examination by Plate-cultivation. — The 
apparatus for plate-cultivation should be arranged 
as already described. Crushed ice may be added to 
the water in the glass dish to expedite the setting 
of the gelatine, so that the plate may be transferred 
as quickly as possible to the damp chamber. The 
caoutchouc cap is removed from the flask, and the 
cotton-wool plug singed in the flame to prevent 
contamination from adventitious germs on the out- 
side of the plug. The flask is then held slantingly 
in the hand, and the plug twisted out and retained 
between the fingers. With a graduated pipette a 
drop of the sample is transferred to a tube of 
liquefied nutrient gelatine, and the plugs of the flask 
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and of the tube quickly replaced. If the water be very 
impure, it may be necessary to first dilute the sample 
with sterilised water. The inoculated tube must be 
gently inclined backwards and forwards and rolled as 
already explained, to distribute the germs through- 
out the gelatine, and the gelatine finally poured on a 
plate. When the gelatine has set, the plate is trans- 
ferred to a damp chamber, which should be carefully 
labelled and set aside in a place of moderate tem- 
perature. In about two or three days the cultiva- 
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Fic, 45.— APPARATUS FOR ESTIMATING THE NUMBER OF COLONIES IN 
A PLATE-CULTIVATION. 


tion may be examined. In some cases the colonies 
may be counted at once; more frequently they are 
so numerous that the plate must be placed on a dark 
background, and a special process resorted to. A 
glass plate, ruled by horizontal and vertical lines 
into centimetre squares, some of which are again 
sebdivided into ninths, is so arranged on a wooden 
frame that it can cover the nutrient-gelatine plate 
without touching it (Fig. 45). A lens is added to 
assist in discovering minute colonies. If then the 
colonies are very numerous, the number in some 
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small divisions is counted, if less in some large ones, 
and an average is obtained from which the number 
of colonies on the entire surface is calculated. A 
separate calculation of the /zguefied colonies should 
be also made, and their number, as well as the total 
number of colonies present in 1 ccm. of the sample, 
recorded. Any peculiar macroscopical appearances, 
colour, etc., should be noted, and then the micro- 
scopical appearances of the colonies _ studied. 
Lastly, examination of the individual organisms 
should be made by cover-glass preparations, and 
by inoculation of nutrient gelatine, potatoes, and 
other media. 

Examination by Test-tube-cultivation—A 
drop of the sample of water may also be added to 
liquefied nutrient gelatine in a tube, the organisms 
distributed as already explained (p. 93), and the 
gelatine allowed to solidify in the tube. A rough 
comparison of water samples may be made in this 
Way. 

Microscopic Examination.—A drop of the 
water may be mounted and examined in the way 
described under drop-cultivations (p. 112), or a drop 
is allowed to evaporate on a cover-glass placed 
under a bell-glass. This is then passed three times 
through the flame, and stained in the usual manner. 
The examination of rain water, drinking water, tap 
water, sea water, various liquids and infusions, etc., 
by these methods, opens up a wide field for research. 
Pettenkofer has shown that impregnation with 
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carbonic acid of water containing many bacteria 
diminishes the number of the latter. The examina- 
tion of waters before and after filtration, or after 
addition of chemical substances, are matters which 
require further investigation. 


CHAPTER VI. 


ENPERIMENTS UPON THE LIVING ANIMAL. 


To carry out the last of Koch’s postulates, and so 
complete the chain of evidence in favour of the 
causal relation of micro-organisms to disease, and 
to study the mode of action of a pathogenic bac- 
terium, it is necessary to introduce into a living 
animal a pure cultivation of the micro-organism 
in question. For this purpose various animals 
are employed—such as mice, guinea-pigs, rabbits, 
pigeons, and fowls. 

Inhalation of Micro-organisms. — The 
animals may be made to inhale an atmosphere 
impregnated with micro-organisms by means of 
a spray. In this way Friedlander succeeded in 
administering the bacteria of pneumonia to 
mice, and the production of tuberculosis by 
experimental inhalation has thrown light upon 
the clinical records of cases reported as instances 
of the infectiousness of phthisis. 

Administration with Food.—A sheep fed 
upon potatoes which have been the medium for 
the cultivation of the anthrax bacillus dies in a 
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few days. Similarly, animals fed upon the nodules 
of bovine tuberculosis become tubercular, and 
even the flesh and milk of tuberculous animals will 
occasionally set up tuberculosis. 

Cutaneous and Subcutaneous Inocula- 
tion.—Cutaneous inoculation may be carried out 
by making a superficial wound, and inoculating 
it with a sterilised platinum needle, charged 
with the micro-organisms to be inoculated. An- 
other simple method is to take a sterilised knife, 
infect the point with the material to be inoculated, 
and then make a minute wound or incision. In 
either case a situation should be selected, such as 
the root of the ear, which cannot be licked by 
the animal after the operation. 

Subcutaneous inoculation is very simple and 
effectual, and consequently the method most fre- 
quently employed. The animal  selected—for 
example, a guinea-pig—is held by an assistant, 
who covers it with a towel, leaving only the hinder 
extremities exposed. By so doing, and gently 
laying it upon its back, with its head low, a 
guinea-pig passes apparently into a_ state of 
hypnotism, and the trivial operation can be per- 
formed with little or no movement on the part 
of the animal. From a spot on the inner side 
of the thigh the hair is cut close with a small 
pair of scissors curved on the flat, and the skin 
must be thoroughly purified with sublimate solu- 
tion. A small fold of skin is then pinched up 
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with a pair of sterilised forceps. and with a pair 
of sharp sterilised scissors, or with a tenotomy 
knife, a minute incision is made. A sterilised 
platinum loop is charged with the material to 
be inoculated, and the loop is gently inserted 
under the skin, forming a small pocket in the 
subcutaneous tissue. The needle is then with- 
drawn, and the sides of the wound gently pressed 
into apposition. In a mouse the same process 
is adopted, with the exception that the root of the 
tail is the usual site of the operation. In a method 
suggested by Koch an assistant can be dispensed 
with: a glass bell reversed is placed as a cover 
to a wide-mouthed glass jar, in which a mouse 
is held by the tail with a pair of forceps, while 
the cover is so placed over the mouth of the 
jar as to leave a small interval near the rim 
uncovered. The mouse rests with its head down- 
wards and with its feet against the inner wall of 
the jar, and in the interval between the cover 
and the rim the root of the tail is exposed, 
and must be cleansed and treated as already 
described. 

Special Operations.—In many cases it is 
absolutely necessary to perform an operation of 
greater severity. After the administration of an 
anesthetic, infective material may be introduced 
into the peritoneal cavity by the performance of 
abdominal section, or injected into the duodenum 
in the manner employed in the case of Koch's 
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comma bacilli by Nicati and Rietsch. In such 
cases antiseptic precautions must be rigidly 
followed, and use made of iodoform and other 
antiseptic dressings. The disinfection of the skin 
of the animal, of the instruments employed, and 
of the hands of the operator, are details essential 
to secure success. To inoculate tubercular matter, 
sputum may be rubbed up with distilled water, 
filtered, and the filtrate injected into a tracheal 
fistula, or the first steps of the operation of 
iridectomy may be performed, and _ tubercular 
material inserted in the anterior chamber of the eye. 
The advantage of the latter method consists in that 
it enables the results and changes to be observed 
from day to day. A cultivation of micro-organisms 
may also be mixed with sterilised water, and then 
injected with a syringe directly into the circulation. 
In rabbits this may be performed without difficulty 
by injecting the large vein at the base of the ear 
with a Pravaz’ syringe. Before every inoculation 
the instruments must be sterilised, as already ex- 
plained, by employing an Israel’s case, and after 
each operation all instruments should be placed in 
strong sublimate solution (i in 100), wiped dry, and 
sterilised in the hot-air steriliser, before they are 
put away. If these precautions be not observed, 
instantes of accidental infection are sure to occur. 


CHAPTER VII. 


EXAMINATION OF ANIMALS EXPERIMENTED UPON 
AND THE METHODS OF ISOLATING MICRO- 
ORGANISMS FROM THE LIVING AND DEAD 
SUBSFECT. 


METHOD OF DISSECTION AND EXAMINATION. 


ALL animals that die after an experimental inocu 
lation should be examined immediately after death. 
Every precaution must be taken, in conducting 
the dissection, to exclude extraneous micro-organ- 
isms, and all instruments employed must have been 
sterilised in the hot-air steriliser, or heated in the 
Bunsen burner. Ifa mouse, for example, has died 
after an inoculation, it should be at once pinned 
out by its feet on a slab of wvod or in a gutta- 
percha tray, and bathed with sublimate sclution. 
In the same way, before examining a dead rabbit, a 
stream of sublimate should be directed over it to 
lay the fur, which otherwise interferes with the 
dissection. The hair should be cut away with 
sterilised scissors from the seat of inoculation, which 
is the first part to be examined, and any suppura- 
tion, hemorrhage, oedema, or other pathological 
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change should carefully benoted. From any pus or 
exudation that may be present, material for inocu- 
lations should at once be taken, and cover-glass- 
preparations made for microscopical examination. 
To examine the internal organs and to make 
inoculations from the blood of the heart or spleen, 
the skin is cut through from below upwards in the 
median line of the abdominal and thoracic regions. 
The abdominal cavity is then opened, and the walls 
pinned back on either side of the animal. Any 
abnormal appearances should be noted, and espe- 
cially the state of the spleen should be examined, 
by turning the intestines aside. After noting its 
appearances it should be removed with sterilised 
forceps and scissors, and deposited upon a sterilised 
glass slide. After washing it with sublimate solution 
by means of a camel’s hair brush or strip of filter 
paper, it should be incised with sterilised scissors ; 
the pulp may be squeezed out from the cut surface, 
and test-tubes of nutrient gelatine and agar-agar 
can be inoculated from it, and, if necessary, potato- 
and drop-cultivations also established. Precisely 
the same care must be taken in examining lym- 
phatic glands, tubercles, or pathological nodules; 
ary chance putrefactive micro-organisms on the 
surface are destroyed by the sublimate solution, 
and a section is then made, and a minute fragment 
snipped out of the centre of the nodule, to be 
examined or transferred to the nutrient medium. 
The examination of the thorax is made by cutting 
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through the ribs on either side of the sternum with 
sterilised scissors, and turning the sternum up 
where it will be out of the way. The pericardium 
is then opened, and the right auricle or ventricle 
pierced with the point of a sterilised scalpel, and 
inoculations and cover-glass-preparations are made 
from the blood which escapes. 

The lungs also require to be especially studied. 
They should be incised with a sterilised scalpel, 
and inoculations and cover-glass-preparations made 
from the cut surface. It may be necessary to 
embed a piece of lung or fragment of spleen, so 
that it shall be free from air. This may be done 
by isolating a fragment with the precautions just de- 
scribed and depositing it upon the surface of a test- 
tube of nutrient agar-agar. The contents of another 
tube, which have been liquefied, and allowed to 
cool almost to the point of gelatinisation, must then 
be poured over it. From a potato a little cube 
must be cut, the tissue deposited in the trough 
thus formed, and the cube replaced. Blood may 
also be taken directly from a vein by laying it bare 
by dissection, making a small section with sterilised 
scissors, and inserting a looped platinum needle, the 
needle of a Pravaz’ syringe, a capillary tube, or the 
extremity of the capillary neck of a Sternberg’s 
bulb. If the cultivation be contaminated by the 
presence of putrefactive or other micro-organisms, 
they must be isolated subsequently by carrying out 
a series of plate-cultivations. 


144 BACTERIOLOGY, 


Having completed the dissection, the organs of 
such a small animal as a mouse may be removed 
en masse and transferred to absolute alcohol for 
subsequent examination. In other cases it may be 
only necessary to reserve portions of each organ. 
In any case it should be remembered that with a 
virulent micro-organism, ¢.g., anthrax, any remain- 
ing part of the animal should be cremated, and the 
hands and all instruments should be thoroughly 
disinfected. 

Isolation of Micro-organisms from the 
Living Subject.—Micro-organisms in the living 
subject may be isolated from pus of abscesses, 
or other discharges, and from the blood and tissues. 
Abscesses should be opened, and other operations 
performed, when practicable, with Listerian precau- 
tions, and a drop of the discharge taken up with 
a looped needle or capillary pipette, as already 
explained. 

To make a cultivation from the blood of a living 
person, the tip of a finger must be well washed with 
soap and water and bathed with strong sublimate, 
or I in 20 carbolic, solution. Venous conges- 
tion is produced by applying an elastic band 
or ligature to the finger, which is pricked with a 
sterilised sewing needle. From the drop of blood 
which exudes the necessary inoculations and ex- 
aminations can be made. 


PART II. 


GENERAL BIOLOGY OF BACTERIA. 


CHAPTER VIII. 
GENERAL MORPHOLOGY AND PHYSIOLOGY. 


BacTERIA may be considered as minute vegetable 
cells destitute of nuclei. They are distinguished 
from animal cells by being able to derive their 
nitrogen from ammonia compounds, and they differ 
from the higher vegetable cells in being unable to 
split up carbonic acid into its elements, owing to 
the absence of chlorophyll. Von Engelmann and 
Van Tieghem include among the bacteria certain 
organisms, named by them Sactertzum chlorinum, 
Bacterium viride, and Bacillus virens, which are 
coloured green by this substance; but further 
researches are required before any conclusions are 
definitely arrived at as to the place of these parti- 
cular organisms in the vegetable kingdom. It 1s 
quite possible that they may be Algz, and they 
will, therefore, find no place in the classification 
which will be here adopted. 

Chemical composition.—For our knowledge 
of the composition of bacteria we are chiefly in- 
debted to Nencki. Their constituents are found on 
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analysis to vary slightly, according to whether the 
bacteria are in zoogloea or in the active state. In 
the latter condition they are said to consist of 83°42 
per cent. of water. In one hundred parts of the 
dried constituents there are the following :— 


A nitrogenous body . - 84°20 
Fat. : . ‘ : 6 04 
Ash . ; . : ; 4°72 
Undetermined substances ; 5°O4 


This nitrogenous body is called JZycop>otem, and 
consists of 


Carbon : ‘ : ¢- 52°30 
Hydrogen . , 7°55 
Nitrogen . . ; - 14°75 


but no sulphur or phosphorus. 

The nitrogenous body appears to vary in different 
species, for in Bactllus anthracis a substance has 
been obtained which does not give the reactions 
of mycoprotein, and, therefore, is distinguished as 
anthraxprotein. 

Considering bacteria as cells, we may speak of 
the cell-wall and the cell-contents. 

Cell-wall.—The cell-wall consists of cellulose, 
or according to Nencki in the putrefactive bacteria 
‘of mycoprotein. It may be demonstrated by the 
action of iodine, which contracts the protoplasmic 
contents, and renders the cell-wall visible. The 
author has taken advantage of the action of iodine 
to differentiate by staining the sheath of the Bacillus 
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anthracis from its contents. If we stain cover-glass 
preparations of this bacillus by the method of 
Gram, we get the following results. By the first 
solution the rods are uniformly stained blue; by 
subjecting them to the iodine solution, the proto- 
plasmic contents are contracted, 
while the next solution, alcohol, 
decolorises the sheath, which may 
be then stained in contrast with 
eosin. 

The cell-wall may be either 
pliable or rigid. Pliability is ob- BN ae 
served in the long filaments, which **0™ 4 PREPARATION 


OF BACILLUS AN- 
are endowed with a slow vermi- THRACIS, DOUBLE 


; oe as STAINED WITH GEN- 
cular movement, while rigidity ax Vioter AND 
accounts for the maintenance of E°S!N. The Sheath 

ae was stained pink, and 
the characteristic form of several the cell - contents 
‘ wisi blue. X 1200, 
species, such as spirilla. 

Cell-contents.— The cell - protoplasm yields 
mycoprotein. In some it is homogeneous, and 
in others granular. The action of the aniline dyes 
indicates a close relation to nuclear protoplasm, 
though all nuclear stains are not suitable for 
bacteria. In some cases also, the bacteria remain 
stained under the influence of a reagent, which 
removes the colour from nuclei. The power of fixing 
the stain is not always present, and indicates a 
difference in the protoplasm of different species. 
Thus in staining phthisical sputum, the nitric acid 


removes the stain from all bacteria and bacilli 
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present, with the exception of the tubercle bacillus. 
This difference in the protoplasm of different 
species is also illustrated by the necessity in many 
cases of using special processes, owing to the 
ordinary methods being unsatisfactory or not pro- 
ducing any result. 

The protoplasm of some bacteria contains starch 
granules; thus Clostridium butyricum gives the 
starch reaction with iodine. Sulphur granules are 
present in some species of Beggiatoa which thrive 
in sulphur springs. The colouring matter of the 
pigment bacteria is probably external to the cell 
as a rule; for example, in wztcrococcus prodigiosus 
the pigment granules are distinctly between the 
cells; on the other hand, in JLeggiatoa yvoseo- 
persicina, or the peach-coloured bacterium, the 
special pigment Jdacferio-purpurin appears toa he 
dissolved in the cell protoplasm. In Sacz/lus 
pyocyaneus the pigment is certainly not localised 
entirely in the cell; for it becomes rapidly diffused 
in the surrounding medium, considerably beyond 
the confines of the growth itself. 

Gelatinous envelope.—In several species, either 
as a result of a secretion from the cell, or of the 
absorption of moisture and swelling up of the outer 
layer of the cell-wall, a mucinous or gelatinous 
envelope develops around them. This envelope 
may form a capsule, such as we meet with in 
certain bacteria found in the rusty sputum of 
pneumonia, and in Mrcrococcus tetragonus ; or it may 
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occur aS a continuous sheath around a chain 
of bacteria, which by its disappearance sets the 
individual links free. The capsule is soluble in 
water, and under some circumstances is difficult tc 
demonstrate. In the pneumo-coccus of Friedlander 
the capsule disappears on cultivation, but reappears 
in preparations made from an inoculated animal. 
In the pleuritic fluid of a mouse these cocci are 
often found with a strikingly well-marked capsule, 
and in other capsuled cocci the extent of the 
envelope has been observed to vary considerably 
in the same species of bacterium. 

When this gelatinous material forms a matrix, in 
which numbers of bacteria are congregated in an 
irregular mass, we have what is termed a zooglcea. 
Thezoogloean stage 1s a resting stage, often preceded 
or followed by a motile stage. Thus bacteria may 
be present in a solution in an active state, and after 
a time a scum or pellicle forms on the surface of the 
liquid, which consists of zoogloea. At the edges of 
the zooglcea individuals may be seen again to 
become motile, detaching themselves from the 
edges of the mass, and swimming off in the 
surrounding fluid. 

The same may be observed sometimes in culti- 
vations started in nutrient gelatine. The inoculated 
bacteria grow and multiply, and liquefy the gelatine, 
and after a time a zoogloean film appears on the 
surface of the liquefied layer. On potatoes the 
appearances are very varied. In a bacillus which 
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readily develops on unsterilised potatoes, the zoo 
gloea may spread over the cut surface, forming a 
pellicle which can be raised ex masse like a delicate 
veil. Another bacillus forms a zoogloea, consist- 
ing of a tenacious layer which can be drawn out 
in long stringy threads. In Ascococcus Billrothi the 
gelatinous envelope develops to such an enormous 
extent that it forms the characteristic feature of the 


species (Fig. 47). 





Fic, 47.—A scococcus BILLROTHI, x 65. [After Cohn.] 


Form.—tThe individual cells vary in form, and 
may either remain isolated or attached to each 
other. Round cells and egg-shaped cells are called 
cocct. The spherical form is the most common, 
but cocci are occasionally exclusively ovoid, as in 
Streptococcus bombycis. The giant cocci of some 
species are spoken of as megacocct, to distinguish 
them from the ordinary cocci, such as micrococci. 
The fission by which the cocci increase may take 
place in one direction only, and if the two resulting 
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cells remain attached to each other, they form 
a auplococcus. If these two cells again divide, and 
the resulting cells remain linked together, we get a 
chain or rosary, or streptococcus (Figs. 48, 49, 50). 
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Fic. 48 —StrEprococcus AND Fic 49.—STREPTOCOCCUS IN THE 
SARCINACOC(US FROM A BLoop oF A RABBIT, X 1200 


DROP-CULTIVATION, X I200. 


These chains may consist of a few individuals 
linked together, or of several hundreds, in which 
case the chains are generally curved or twisted. 
If the division occur in two directions, so that 





Fic, 50.--Streprococcus or Procrrsstve Tissuc Necrosis 1n Micr 
{After Koch. ] 


four cocci result,, a tetrad or merismopedia 18 
formed. If the division occur in three direc- 
tions, one coccus divides into eight, and we 
get a packet form or sarcinacoccus. Immediately 
after division, the daughter cells are not perfectly 
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circular, but are flattened or facetted where they 
are opposite to each other. They gradually 
become rounded off, and each daughter cell is then 
ready to divide in its turn. In other cases the 
cocci after division only form irregular heaps or 
collections like bunches of grapes. This form is 
sometimes distinguished as sfaphylococcus, but it 
cannot be considered an important feature. Where 
we find irregular masses or balls embedded in a 
copious gelatinous matrix, the extent of the latter 
affords a characteristic condition described as 
GASLICUCEUS. 

Another type is the rod, characteristic of bac- 

terlum and bacillus. The rods may vary con- 
siderably in length. The very short rods with 
rounded ends are very difficult to distinguish from 
the oval cocci, but differ in that a rod, however 
short it may be, must have at least two sides 
parallel. The vdri0 or bent rod may be considered 
as the connecting link between the rods and the 
corkscrew forms or sfzril/a. Lastly we have the 
filamentous forms, which may be straight, /d/othrix, 
or wavy, spirochela (Fig. 51), or the wavy thread 
may be looped and entwined on itself, sprrudina 
(Plate I., Fig. 37). 
* By, involution forms we signify certain irregular 
shapes which result especially in exhausted culti- 
vations. They are peculiar, eval, pear-shaped, or 
irregular enlargements (Plate I, Figs. 31 to 36). 

Movement.—Many bacteria are devoid of move- 
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ment throughout the whole of their life history. 
Others, during certain stages of their life cycle, and 
possibly some forms always, are endowed with 
locomotive power. The character of the movement 
is very varied, and ranges from a slow undulatory 
motion to one of extreme rapidity. Many appear 
to progress in a definite direction. Others move 
continuously, first in one direction and then in 
another, and others again seem to hesitate before 
altering their course. They may either glide along 
smoothly or progress with a tremulous action. 
They appear to be able to avoid obstacles, and to 
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Fic. §1.—SP{ROCHATA FROM SEWAGE WATLR, X 1200, 


set themselves free from objects with which they 
have accidentally come into contact. Vibrios have 
a peculiar serpentine movement, but other forms, 
such as the commonly-known Bacterium termo and 
segments of spirilla, such as comma-bacilli, revolve 
around their long axis as well as make distinct 
progression. The complete spirilla are charac- 
terised by the familiar corkscrew movement.’ 
With regard to cocci there is some doubt as to 
whether they are endowed with independent move- 
ment; any quivering or oscillation is generally 
regarded as only brownian or molecular. In some 
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straight thread-forms, which are motile, the move- 
ment is very slow and vermicular in character, but 
in wavy threads, such as the Sprrochete plicatehs, 
there is not only an undulatory motion, with rapid 
progression across the field of the microscope, but 
if they are confined by more or less débris, they 
give very peculiar and characteristic spasmodic 
movements. 

The rod-forms of Proteus vulgaris exhibit very 
extraordinary movements on the surface of solid 
nutrient gelatine. Groups of rods may be observed 
to pass each other in opposite directions. Single 
individuals meet and progress side by side, or one 
or more individuals may part from a group and 
glide away independently. Occasionally a number 
of rods progress in single file. It is, however, 
difficult to believe that these movements can occur 
on a solid surface. The author is inclined to 
believe that there is an almost inappreciable layer 
of liquid on the surface of the gelatine, which is 
expressed after the gelatine sets. In tubes of 
nutrient agar-agar gelatinised obliquely and then 
kept upright the liquid so expressed collects at the 
bottom of the sloping surface. 

What the means are by which bacteria are en- 
‘dowed with the power of spontaneous movement 
and of progression may still be said to be unsettled. 
The author has watched the movement of long 
slender threads in sewage-contaminated water, 
which could only be explained by the inherent 
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contractility of the protoplasn.ic contents; for if 
any drawing or propelling organ existed in 
proportion to the length of the organism, it would 
probably have been visible. But in many cases 
the organism is provided with a vibratile lash or 
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1. Coccus with flagellum. 2. Similar coccus dividing with two flagella 
3. Colony of flagellated macrococci of Beggiatoa roseopersicina. 4. >hort 
rod from the same Beggiatoa with flagella fall after Zopf]. 5. Bacillus 
with flagella [from a photograph by Koch]. 6. Baellus subtilis [after 
Brefeld}]. 7, 8 Short rod-forms of Beggiatoa roseopersicima with one 
flagellum [after Zopf]. 9. Very long rod of the same, with flagellum at 
both ends [after Warming]. 10. Vibrio, with double flagellum at each 
end [after Warming]. 11. Vibrio, with flagella [from a photograph by the 
author]. 12. Spirillum with flagella [after a photograph by Koch]. 
13. Spirillum with flagella [after Zopf]. 14. Spirillum with double flagella 
[after Zopf]. 15. Beggiatoa roseopersicina, with a triple flagellum at one 
end; and 16, with a double flagellum at both ends [after Warming]. 


flagellum at one end, or with one or more at both 
ends (Fig. 52). 
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Some observers believe that the movement of 
cocci is due to the existence of a flagellum. In 
Bacterium termo the existence of a lash at either end 
was first determined by the researches of Dallinger 
and Drysdale. In motile bacilli, such as the hay 
bacillus and Baczl/us udna, and in vibrios and spirilla, 
the flagella can be readily recognised by expert 
microscopists with the employment of the best 
lenses, and, what is of equal importance, proper 
illumination. They are objects of extreme delicacy, 
and tenuity, and in stained preparations may be 
absent from retraction or injury. Koch succeeded 
in photographing them after staining with logwood, 
which turned them a brown colour. They may also 
be stained with the aniline dyes, for the author has 
observed them in vibrios in preparations stained 
with gentian violet, from which also they have been 
photographed, in spite of the violet colour, by the 
use of isochromatic dry plates. 

It is not certain whether the flagella are exten- 
sions of the cell-wall, or derived from the internal 
protoplasm. Van Tieghem holds the first view, and 
does not regard them as motile organsatall. Zopf, 
on the other hand, adheres to the second view, and 
moreover believes that they can be retracted within 
the cell-wall. 

Reproduction.—Bacteria multiply by fission, 
and by processes which may be considered as 
representing fructification. The bacteria exhibiting 
the latter processes have been divided into two 
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groups, distinguished by the formation of endo- 
spores in the one, and of arthrospores in the other. 
In the process of fission the cell first increases in size, 
and a transverse septum forms from the cell-wall, 
dividing the internal protoplasm into two equal 
parts; these may separate and lead an independent 
existence, or remain linked together. In chains of 
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Fic 53-——BAcILLUS MFGATERIUM, 


a Achain of rods, X 250 Therest x 600. 


£ Two active rods 
ato f Successive stages of spore-formation, 


4} and ? Successive stages of germination 
[After De Bary ] 


cocci the individual cells are easily visible and 
distinct, but in the thread-forms resulting from the 
linking together of rods, as in the anthrax bacillus, 
the composition of the thread is only demonstrated 
by the action of reagents. 

Endospore formation may be conveniently studied 
in Bacillus anthracis, Bacillus megaterium, or Bactl- 
lus subtilis. The protoplasm becomes granular, 
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and at certain points in the thread a speck ap- 
pears, which gradually enlarges and develops into 
a circular or egg-shaped, sharply defined, highly 
refractive body. The spore grows at the expense 
of the protoplasm of the cell, which in time, to- 
gether with the cell-wall, entirely disappears, and 
the spore is set free. These phenomena are best 
seen in an immotile bacillus in a drop-cultivation 





Lic. §4.—CLosTRIDIUM BUTYRICUM, X 1020, 
B Stages of spore-foi mation. 
C. Stages of germination. 
[After Prazmowsk: ] 


on a warm stage, the whole process may then 
be observed continuously from beginning to end. 
Spores may form in each link of the thread, so 
that a regular row results, or they may occur at 
irregular intervals. Spore-formation also occurs in 
free rods in the centre or at one end. Occasionally 
a spore develops at the extreme end, giving a bacillus 
the appearance of a drum-stick. The spore may be 
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considerably wider, but is never longer than the 
parent cell. 

Arthrospore’ formation is illustrated in Lezco- 
nostoc mesenterotdes. Certain elements in the chain 
of cocci, apparently not differing from the rest, 
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Fic. 55.—A THREAD or BACILLUS ANTHRACIS WITH SPORES, IN A 
DROP-CULTIVATION, X 1400. 


become larger, with tougher walls, and more refrac- 
tive (Fig. 56). The remaining cells die, and these 
cells having acquired the properties of spores are 
set free, and can reproduce a new growth in any 





Fic. 56.—LEuCONOSTOC MESENTIROIDES ; COCCI-CHAINS WITH 
ARTHROSPORES (after Van Tieghem and Cienkowsk). 


fresh nourishing soil. That this occurs in all species 
which do not form endospores is at present only 
a supposition. 

Spores are invested by a thick membrane, which 
is believed to consist of two layers. To this they 
probably owe the property they possess of retaining 
vitality when desiccated, and of offering a greater 

II 
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resistance to the action of chemical reagents and 
heat than the parent cells. 

Spore-formation has been regarded by some as 
occurring when the nourishing soil is exhausted, 
thus providing for the perpetuation of the species. 
For instance, anthrax bacilli do not form spores in 
the living body, but when the animal dies it has 
been stated that development of spores takes place, 
and hence the danger of contaminating the soil if 
the body is disposed of by burial. Klein, however, 
has pointed out that if mice and guinea-pigs which 
have died of anthrax are kept unopened, the bacilli 
simply degenerate and ultimately disappear. Thus 
there is good reason for believing that spore-forma- 
tion is not due to exhaustion of the pabulum, but 
probably free access to oxygen constitutes an im- 
portant factor in inducing this condition. If we 
inoculate a potato with anthrax, copious spore-for- 
mation occurs, though we cannot consider that the 
nourishing soil has been exhausted. But we have 
in this case the surface of the potato freely exposed 
to the air in the damp chamber. In the same way, 
in cultivation on agar-agar solidified obliquely, so 
as to get a large surface, spore-formation readily 
takes place. Contamination of a burial-ground 
‘must, result, therefore, from bodies in which a post- 
mortem examination has been made, by which the 
blood and organs have been freely exposed to 
the air, or from animals which have not been 
examined, owing to their hides being soiled with 
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excretions, and with blood which issues from the 
mouth and nostrils before death. 

When spores are introduced into a_ suitable 
medium at a favourable temperature, they develop 
again into rods. The spore loses its sharp con- 
tour, and, at one pole or on one side, a pale process 
bursts through the membrane, gradually growing 
into a rod from which the empty capsule is 
thrown off (Figs. 53 and 54). 

Spores differ from the parent cells in their be- 
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FiG. 57.—SPORES OF BacILLus AN- F1G 58.—SPORE-BEARING THREADS 


THRACIS, STAINED WITH GENTIAN OF BACILLUS ANTHRACIS, 
VIOLET, AFTER PASSING THE DOUBLE-STAINED WITH FUCH- 
CovER-GLASS TWELVE TIMES SINE AND METHYLENE BLUE, 
THROUGH THE FLAME, X 1200. xX 1200 


haviour to staining reagents. Like them, they can 
be stained with aniline dyes, but not by the 
ordinary processes. They require to be specially 
treated. This is probably due to the tough capsule, 
which must first be altered or softened by heat or 
strong acid, until it allows the stain to penetrate. 

Once stained, they again differ from the parent 
cells in resisting decolorisation ; this fact is taken 
advantage of to double-stain spore-bearing bacilli. 

In staining micro-organisms, the protoplasm is 
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sometimes broken up into irregular segments or 
granules, as in many spirilla, and we may perhaps 
add the bacilli of tuberculosis and leprosy. The 
beaded appearance of the tubercle bacillus is well 
known. Some observers have regarded the beads, 
others the bright spaces between them, as spores. 
But spores in unstained preparations appear as 
glistening bodies with sharp contour, and do not 
stain at all, or very little, by the ordinary processes. 
It appears, therefore, very doubtful whether either 
the clear spaces or the beads are spores, espe- 
cially as the tubercle bacillus, when unstained, 
is a slightly curved hyaline rod, without any dif- 
ferentiation into granules. These considerations 
led the author to stain and examine tubercular 
sputum from various sources under careful 
illumination, and with such lenses as Powell and 
Lealand’s in. Hom. imm. The tubercle bacillus 
may then be frequently seen to consist of a very 
delicate sheath, holding together a number of 
deeply stained granules, for the most part round 
or cylindrical, with irregular contour, and differing 
considerably in size, while the light interspaces 
are seen to vary in form according to the shape 
of the granules. In some preparations more dis- 
tinct, and clearly ovoid, bodies may be observed 
which are sometimes terminal. They can be readily 
demonstrated by taking a photograph with a 4, in. 
Hom. imm., and subsequently enlarging the nega- 
tive to from 2,500 (Fig. 59) to 6,000 diameters. 
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It is not impossible that these ovoid bodies are 
spores, which, in their be- 
haviour towards staining - 
reagents, thus form an X 
exception to the general 
rule. But there can be . 
little doubt that a tubercle oN, 
bacillus consists, for the 
most part, of a very delicate rye. 59.—TusercLe BaciLi IN 
sheath, with protoplasmic 5PYTU™ X 2500 (from photo- 
: graphs). 
contents which have a great 
tendency to be broken up or coagulated into little 
— segments or roundish granules, owing 
Chay, * 
Raa possibly to the treatment they are sub- 
as jected to in making a _ microscopical 
G, e e 
epee p,. Preparation. This, however, does not 
ciu1, From always occur, for the bacilli at times are 
A SECTION . ; . 
or  Sxin, Not beaded, but are stained in their en- 
x 1200. tirety. In the leprosy bacilli a similar 
appearance occurs. In stained sections the rods 
have a beaded appearance, but the 


intervals between the granules are _ —tn~ 
sometimes very long, and occasion- De 
ally the protoplasm appears to have aS 


collected only at the extreme ends Fic. 61. 

of the rod (Fig. 60). Very probably paving aaa 
the appearances in the case of the or a Granvzrs 
bacillus of glanders (Fig. 61) and = Nope X 1200. 
the bacterium of chicken-cholera (Figs. 62 and 63) 


may be similarly explained. 
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The fact that tubercular sputum preserves its 
virulence for several months, even after desicca- 
tion, has been attributed to the 
formation of spores, and Babes 
has drawn attention to ovoid 
grains in old cultivations of the 
bacilli, which he succeeded in 
staining red, while the bacilli 
tenes CHICKEN een stained blue. 

cnotera, rom Boop In his definition of spirilla 

oF inrecrsp Hex, X Zopf gives the spore-formation 

as absent or unknown. In 
comma-bacilli in sewage water, the author has often 


noted appearances very suggestive of refractive 
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BacTrrium oF CHICKEN-CHOLFRA, COMMA-BACILLI IN SEWAGE 
FROM MUSCLE JUICE OF AN IN- WATER, STAINED WITH 
FECTED HEN, X 2500 (from a GEN1IAN VIOLET, X 1200, 
photograph), 


spores (Fig. 64). The same also may be observed 
in vibrios, differing by their regular contour from 
the irregular spaces occasionally observed in stained 
preparations (Figs. 65 and 66). They are possibly 
only vacuoles. 

_ Respiration and Nutrition.—Like all a-chlo- 
rophyllous vegetables, bacteria require for their 
nutrition oxygen, nitrogen, carbon, water, and 
certain mineral salts. Many require free access to 
oxygen, others can derive it from the oxidised 
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compounds in the medium in which they grow. 
Pasteur divided bacteria into two great classes— 
the zrobic and anzrobic; and considered that the 
latter not only had no need for oxygen, but that 
its presence was actually deleterious. Though this 
view must be considerably modified, the terms are 
convenient, and are still retained. They are well 
illustrated by the bacillus of anthrax, and the 
bacillus of malignant cedema; and a simple plan 
of demonstration has been employed by the author. 
A fragment of tissue from the spleen, for example, 
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Fic 65. Fic, 66, 
VIBRIOS IN WATER CONTAMINATED SPIRILLUM UNDULA, 
WITH SEWAGE, X 1200, xX 1200, 


known to contain anthrax bacilli, is deposited with 
a sterilised inoculating needle, with the necessary 
precautions, on the surface of nutrient agar-agar 
in a test-tube ; another tube of nutrient agar-agar 
is liquefied, and when cooled down almost to the 
point of gelatinisation, a part is poured into the 
first tube, so that when it sets the piece of tissue 
is completely embedded. A piece of tissue from 
an animal suffering from malignant cedema is 
treated in the same way, and the tubes are 
placed in the incubator. If then we examine 
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them after two or three days, we shall find no 
change in the anthrax tube ; the bacillus being 
eminently zrobic, no growth whatever has oc- 
curred, In the tube containing the bacilli of 
malignant cedema there will be a more or less 
characteristic cultivation. 

The nitrogen which is essential for building up 
their protoplasm can be obtained either from 
albumins, or from ammonia and its derivatives. 
That the albumins can be dispensed with was 
shown by Pasteur, who employed an artificial 
nourishing solution built upon a formula repre- 
senting the essential food constituents (p. 108). 

Carbon is derived from such substances as cane 
sugar, milk sugar, and glycerine, and, in some 
cases, by the splitting up of complex proteid 
bodies. 

Water is essential for their growth, but depriva- 
tion of water does not kill all bacteria. Desicca- 
tion on potato is employed for preserving some 
micro-organisms, as a new growth can be started, 
when required, by transferring some of the dried 
potato to fresh nourishing ground. Comma-bacilli, 
on the other hand, are destroyed by drying. Sugar, 
by abstracting water, prevents the development of 
micro-organisms in preserves. 

Mineral or inorganic substances, such as com- 
pounds of sodium and potassium, and different 
phosphates and sulphates, are necessary in small 
proportions, 
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Circumstances affecting their growth. 
Nature of the Sowt.—Though we know the 
elements necessary, we are, nevertheless, as yet 
unable to provide a pabulum suitable for all kinds 
of bacteria. Thus we are quite unable to cul- 
tivate some species artificially. Others will only 
grow upon special media. Many grow upon nutri- 
ent gelatine; but some species only if it be acid 
or alkaline respectively. Whether in the latter 
case this is due purely to the reaction or to the 
presence of the particular ingredients is an un- 
settled point. Though the comma-bacillus of Koch, 
like the majority of organisms, grows best on an 
alkaline medium, yet the surface of a potato is 
acid, and on this it is well known to flourish at 
the temperature of the blood. 

Effect of Temperature.—In their behaviour to- 
wards temperature bacteria vary considerably, but 
still for the majority we may distinguish a maxzmum, 
optimum, and minimum temperature. 

Many grow best at the temperature of the blood, 
and hence the value of nutrient agar-agar, which 
is not liquefied at 37°C. The tubercle bacillus 
will only grow at a temperature varying between 
30° and 41°C. On the other hand, many forms 
grow between the limits of 5° and 45°C. At 
these temperatures their functional activity is 
paralysed, but they are not destroyed, for by re- 
moval to favourable conditions they spring again 
to life. Bacteria seem to have a special power 
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of resisting the effects of cold. It has been 
stated that comma-bacilli exposed to a tempera- 
ture of —10° for an hour, and bacilli of anthrax 
after exposure to a temperature of —110° C., still 
retained their vitality. Temperatures over 50° to 
60° C. destroy most bacteria, but not their spores ; 
spores of anthrax retain their vitality after im- 
mersion in boiling water, but are destroyed by 
prolonged boiling. Roughly speaking, all patho- 
genic bacteria grow best at the temperature of 
the blood, and non-pathogenic bacteria at the 
ordinary temperature of the room. 

Effect of Movement.—Bacteria probably grow 
best when left undisturbed. Violent agitation of 
a vessel in which they are growing certainly 
retards their growth, but a steady movement is 
stated not to affect it; at any rate anthrax bacilli 
grow with enormous rapidity in the blood-vessels, in 
spite of the circulation. 

Lffect of Compressed Aty.—Paul Bert maintained 
that a pressure of twenty-three to twenty-four 
atmospheres stopped all development of putre- 
factive bacteria. Oxygen, under a pressure of five 
or six atmospheres, is stated to stop their growth. 
Other observers have, however, obtained different 
results. 

Effect of Gases Hydrogen and carbonic acid are 
stated to stop the movements of the motile bacteria. 
Chloroform is believed to arrest the changes brought 
about by the zymogenic species. 
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Electricity—Cohn and Mendelsohn found that 
a constant galvanic current produced a deleterious 
effect owing to electrolysis, At the positive pole 
the liquid became distinctly acid, and at the 
negative pole distinctly alkaline. With a weak 
current there appeared to be no effect, two power- 
ful cells at the very least being necessary. 

Light.—Downes has shown that sunlight is fatal 
to putrefactive bacteria. This is believed to be 
due to a process of induced hyper-oxidation, from 
which living organisms ordinarily are shielded by 
protective developments of the cell-wall, or of 
colouring matter, which cut off injurious rays. 
Duclaux has investigated the same subject, and 
observed that micrococci were more sensitive to 
sunlight than the spore-bearing bacilli. Engel- 
mann has described a bactertum whose movements 
cease in the dark, and Zopf states that in his 
cultures of Beggzatoa roseo-persicina the growth was 
much more strongly developed on the side of the 
vessel facing the light. 

Chemical Reagents.—Many substances, such as 
carbolic acid, corrosive sublimate, chlorine, bromine, 
etc., have a marked effect upon the growth of 
bacteria. This will be more fully described in 
another chapter. In several cases the bacteria 
themselves secrete a substance which is injurious 
to their future development. 

Products of Growth. — Bacteria may be 
grouped together according to the changes pro- 
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duced in the media in which they grow. Thus we 
have pigment-forming, fermentative, putrefactive, 
and pathogenic bacteria. 

Chromogentc or pigment-forming bacteria elabo- 
rate during their growth definite colour stuffs. 
Such species are exemplified by Bacztlus zanthi- 
mus, which produces a striking purple growth; 
Bacillus pyocyaneus, which secretes pyocyanin, a 
substance which has been isolated and obtained 
in a crystalline form ; Micrococcus prodigiosus, which 
produces a pigment allied to fuchsine; Beggzatoa 
roseo-persicina, which is characterised by the 
presence of bacterio-purpurin ; Sarcima Judea, 
Bacillus cyanogenus, and many others. 

Zymogenic or ferment bacteria produce their 
changes in non-nitrogenised media. Bacterium 
acett, by its growth produces the acetic fermenta- 
tion in wine by which alcohol taking up atmo- 
spheric oxygen is converted into vinegar— 


C?H°O + O? = C?H*0? + HO. 
The fermentation of urine, by which urea is con- 
verted into carbonate of ammonia, can be brought 
about by several micro-organisms, but notably 
by the Bacterium uree. YVhe change produced is 
represented by the following formula :— 
‘ 


cojNt + 2190 = (NH*) *cot. 


Clostridium butyricum converts the salts of lac- 
tic acid into butyric acid, producing the butyric 
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fermentation in solutions of starch, dextrine, and 
sugar. These bacteria are agents in the ripening 
of cheese, and the production of sauerkraut. Thus, 
in a solution neutralised with calcium carbonate :— 

2[ Ca(C?H508)9] + H20 =Ca(C*H70?)? + CaCO? + 3CO? + HE. 
In the so-called viscous fermentation the Szvep- 
tococcus viscosus produces a gummy substance in 
wines. According to Pasteur, the change may 
be thus represented :-— 

25(C#H™O!!) + 25(H?O) — 12(C#?H*™O) + 24(C®H'40°) + 
12(CO?) + 12(H?0). 
And as another example may be mentioned the 
Bacillus acid: lactict, through whose agency sugar 
of milk is converted into lactic acid :— 
CHAO! = 4(C3H803), 

Saprogenic or putrefactive bacteria play a most 
important 7é/e in the economy of nature. They 
produce changes allied to fermentation in complex 
organic substances. The nitrification of soil has 
been attributed to their agency. Their action on 
proteids, according to Hoppe-Seyler, may be com- 
pared to digestion; bodies like peptones are first 
produced, then leucin, tyrosin, and fatty acids ; 
lastly indol, phenol, sulphuretted hydrogen, am- 
monia, carbonic acid, and water. They abstract 
the elements they require, and the remainder enter 
into new combinations. Associated with the forma- 
tion of these substances are certain bodies, which 
have a poisonous effect when introduced into 
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animals, These poisonous alkaloids, ptomaznes, 
produce a septic poisoning, which must be dis- 
tinguished from septic infection. The effects of 
septic poisoning depend on the dose, whereas the 
effects of septic infection are, to a certain extent, 
independent of the dose. A small quantity of a 
septic poison may produce only transient effects, 
and a relatively large quantity may be necessary 
to produce vomiting, rigors, and death. Septic 
infection, on the other hand, may result equally 
from a small dose, because the poison introduced 
is a living organism which is capable of propaga- 
tion and multiplication. Our knowledge of these 
alkaloids is greatly attributable to the researches of 
Selmi, Gautier, and also Brieger and others. Brieger 
has isolated ptomaines from the human cadaver, 
putrid meat, fish, and cheese. ‘These substances— 
cadaverin, putrescin, saprin, peptotoxin, and many 
others—vary in their toxic properties. 

Pathogenic bacterza are those which are genetically 
related to disease. Many organisms have been 
supposed to be pathogenic, or have been described 
in connection with diseases, which are only sapro- 
phytic associates. By the latter we mean organisms 
which feed upon dead organic matter. Such are 
many forms which are found on the skin, in the 
intestinal canal, and sometimes in the internal 
organs, especially the liver and kidneys ; the tissues 
have lost their vitality, and the organisms, through 
some lesion, have been carried into the circulation. 
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That many organisms are causally related to 
disease, there is strong evidence in proof; for no 
organism can be considered to be productive of 
disease unless it fulfils the conditions which have 
been laid down by Koch (p. 17). Great stress must 
be laid upon the importance of successive cultiva- 
tion through many generations, as the objection 
that a chemical virus may be carried over from the 
original source is thus overcome. Any hypo- 
thetical chemical poison carried over from one 
tube to another would, after a great number of 
such cultivations, be diluted to such an immense 
extent as to be inappreciable and absolutely 
inert. 

Though we may accept as a fact the existence 
of pathogenic organisms, we are not yet in a posi- 
tion to assert the means by which they produce 
their deleterious or fatal effects. Many theories 
have been propounded. It has been suggested 
that the organisms—micrococci, for example—may 
be compared to an invading army. The phagocytes 
arrayed against them endeavour to assimilate 
and destroy them, but perish themselves in the 
attempt. This might explain the breaking down of 
tissue, and the formation of local lesions, but does 
not assist us in understanding the fatal result in 
thirty-six to forty-eight hours produced by the 
inoculation of the bacilli of anthrax. Another view 
is that the invading army seizes upon the commis- 
sariat, appropriating the general pabulum, which 
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is so essential to the life of the tissues. But this 
would hardly account for so acute and fatal a result 
as in anthrax, but would lead one to expect symptoms 
of inanition and gradual exhaustion. Moreover, 
against this theory we have the fact that death 
may result, for example, from anthrax, with the 
occasional presence of comparatively few bacilli; 
and, again, the blood may teem with parasites 
such as the flagellated monads in well-nourished, 
healthy-looking rats, without apparently causing 
any symptoms whatever. In the same category 
may be placed the theory that eminently zrobic 
organisms seize upon the oxygen of the blood 
and produce death by asphyxia. Another explana- 
tion is afforded by the suggestion of interference 
with the functions of the lung and kidney by mecha- 
nical blocking of the capillaries. Here the same 
objection is met with in the case of anthrax, 
the same fatal result may occur with only a few 
bacilli, while other cases yield very beautiful 
sections, looking like injected preparations from 
the mapping out of the capillaries with the count- 
less crowds of bacilli (Plates XXIII. and XXIV). 

The most satisfactory explanation is probably 
afforded by analogy with the putrefactive bacteria. 
We have seen that they derive their necessary 
elements from complex organic substances, and 
accompanying the residue we find the presence of 
poisonous alkaloids. Do pathogenic bacteria act 
in the same way? Does the anthrax bacillus 
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produce a ptomaine anthracin, which in a certain 
dose produces death, independently of the number 
of bacilli, provided there are sufficient present to 
develop that dose? Though this is _ possible, 
observers as yet have failed to extract from culti- 
vations of the anthrax bacillus any alkaloid with 
virulent properties. 

Lastly, it has been suggested that possibly a 
special ferment is secreted by the organisms, and 
that by the changes ultimately wrought by the 
action of this ferment, the symptoms and phe- 
nomena of disease arise. We have an analogy 
with this theory in the alkaline fermentation of urine 
by means of the Zorula urea. By the researches of 
Musculus, and later of Sheridan Lea, it has been 
shown that a ferment is secreted by the cells which 
can be isolated in aqueous solution, and is capable 
of rapidly inducing an active fermentation of urea. 
Either of the two last theories assists us in under- 
standing how it is that in anthrax or in tuberculosis 
we may find the presence of only a few bacilli, or 
that, assuming both tetanus and hydrophobia to be 
due to microbes, we can have such a violent dis- 
turbance of the system produced by the presence 
of very few micro-organisms. We may conceive 
that different species of bacilli may vary greatly in 
their power of producing an alkaloid or secreting 
a ferment, just as the elaboration of pigment is 
much more marked in some species than in 
others ; thus it need not follow that the number of 
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micro-organisms bears any relation to the viru- 
lence or activity of the substance they produce. 
There is, however, yet another factor in the pro- 
duction of disease. We know that in health we 
are proof against most of these micro-organisms ; 
if it were not so, we should all rapidly fall victims 
to the tubercle bacillus or some others, which we 
in health inhale with impunity. We know that a 
microbe may only cause a local lesion in one 
animal, and death in another. It is still more 
striking that the same micro-organism, as is the 
case with anthrax, may have no effect whatever 
upon certain species of animals, though it is 
deadly to others. Again, an animal naturally sus- 
ceptible to the effect of a pathogenic organism 
may be rendered proof against it. These matters 
will be discussed in a future chapter. 
Distribution of Bacteria.—Bacteria are com- 
monly described as ubiquitous. They are ever 
present in the air, though not in such exaggerated 
numbers as is commonly supposed. In nutrient 
media exposed to the air one is often astonished 
at times at the comparatively few bacteria which 
develop in comparison to the amount of floating 
matter, such as mineral particles, scales, spores of 
fungi,,and a@ébvzs known to be present. In water 
they are also present in considerable numbers, 
though of course varying according to the character 
of the water. Wherever there is putrefaction, 
they are present in vast numbers. In the soil, in 
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sewage, in the intestines ; and in uncleanly persons 
especially, on the skin and _ between the teeth, 
various species may always be found, but in the 
healthy blood and healthy tissues bacteria are 
never present. In a previous chapter the method 
of examining the blood of living persons has been 
described, and there is, by this means, ample oppor- 
tunity for satisfying oneself that bacteria are never 
to be found in the blood in health. The organs 
removed from a perfectly healthy animal, with the 
necessary precautions, into sterilised media can be 
kept indefinitely without undergoing putrefaction, 
or giving any development of bacteria. This has 
been established by many _ observers, notably 
Cheyne and Hauser; and the results of former 
observers to the contrary must be attributed to 
imperfect methods admitting of accidental con- 
tamination, 


CHAPTER IX. 


ANTISEPTICS AND DISINFECTANTS. 


In the previous chapter several conditions were 
alluded to which affected the growth of bacteria, 
such as the nature of the nutrient soil, temperature, 
light, and electricity. The effect of certain chemi- 
cal substances, and of excessive heat and cold, 
was also mentioned; but this constitutes a subject 
of such practical importance that it must be con- 
sidered more fully. 

Agents which retard the growth of bacteria are 
generally spoken of as anteseptics, as distinguished 
from adisenfectants, which altogether destroy their 
vitality. 

Though chemical disinfectants, or germicides, 
when diluted, act as efficient antiseptics, the con- 
verse, that an antiseptic in a sufficiently concentrated 
form will act as a disinfectant, is not the case. The 
term “‘antiseptic,” indeed, should be restricted to 
those substances or agents which arrest the changes 
bacteria produce, but which do not prevent their 
springing into activity when removed to favourable 
conditions. Thus excessive heat, which destroys 
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bacteria and their spores, is a true disinfectant ; and 
excessive cold, which only benumbs them, retard- 
ing their development without killing them, is an 
antiseptic. 

Spores have a greater power of resisting the action 
of these various agents than the parent cells, and 
many species of micro-organisms differ from each 
other in their resisting power. An exact knowledge 
of the subject can, therefore, only be based upon 
investigations which will determine the effect of 
these agents upon pure cultivations of the different 
micro-organisms causally related to putrefaction 
and disease. In the latter case, especially, this is 
not possible in the present state of our knowledge. 
In some cases of communicable disease there is 
considerable doubt as to the etiological importance 
of the organisms which have been described; in 
other cases no organisms have as yet been dis- 
covered, or the organisms cannot be artificially 
cultivated, or the disease is not reproduced by 
inoculation, so that there is no means of testing 
whether the agents have had any effect. One can, 
therefore, only draw general conclusions by selecting 
some well-known pathogenic and non-pathogenic 
micro-organisms, and considering the influence of 
chemicals, of hot air, and of steam upon them, as 
representing the effect upon the various contagia 
of disease and the causes of putrefaction. 

Such knowledge must necessarily prove of the 
greatest importance,—to the sanitarian, who 1s 
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concerned in preventing the spreading of disease 
and in the disposal of putrefactive matter,—to the 
surgeon, who is anxious to exclude micro-organisms 
during surgical operations and to arrest the 
development in wounds of bacteria which have 
already gained an entrance,—to the physician in 
the treatment of micro-parasitic diseases. The 
sanitarian and the surgeon must profit directly 
by such experiments, for in the disinfection of 
clothes and the sick-room by the one, and in 
the application of antiseptic dressings and lotions 
by the other, the micro-organisms are encoun- 
tered as in the test experiments apart from the 
living body. The physician, on the other hand, is 
principally concerned in dealing with micro-para- 
sites when circulating in the blood, or carrying on 
their destructive processes in the internal tissues. 
So far as our knowledge at present goes, the 
physician can avail himself but little of the effect 
of the direct application of the substances which 
have been found to retard or destroy the growth 
of the organisms in artificial cultivations, for the 
concentrated form in which they would have to be 
administered would prove as deleterious or as fatal 
to the host as to the parasites. Thus Koch has 
stated that to check the growth of the anthrax 
bacillus’ in man it would be necessary that there 
should be twelve grammes of iodine constantly in 
circulation ; and that the dose of quinine necessary 
to destroy the spirilla of relapsing fever would be 
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from twelve to sixteen grammes. The retarding 
influence, however, of certain substances when 
diluted, and the fact that disinfectants are some- 
times equally efficacious in a diluted form when 
their application is prolonged, seem to indicate 
measures which may be adopted, in some cases, 
with chances of success, such as the inhalation of 
antiseptic vapours in phthisis. For the most part 
the physician must look rather to combating the 
effects of micro-organisms by restoring to its 
normal standard the lowered vitality which enabled 
the bacteria to get a footing. 

There is no wider field for research than the 
determination of the real effect of disinfectants 
and antiseptics. Painstaking and laborious as 
the researches are which have been hitherto 
made, the subject is so beset with fallacies, 
leading, in some cases, to totally erroneous conclu- 
sions, that it is not surprising that one meets on 
all sides with conflicting statements. The author 
has no intention of analysing these results, but a 
general idea will be given of the methods which 
have been employed, and for further details 
reference must be made to the original papers 
mentioned in the bibliography. 

Chemical Substances.—It was customary to judge 
of the power of a disinfectant or antiseptic by 
adding it to some putrescent liquid. A small por- 
tion of the latter was, after a time, transferred to 
some suitable nourishing medium, and the efficacy 
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of the substance estimated by the absence of 
cloudiness, odour, or other sign of development 
of bacteria in the inoculated fluid. Koch pointed 
out the errors that might arise in these experiments 
from accidental contamination, or from there being 
no evidence of the destruction of spores; and we 
are indebted to him for a complete and careful 
series of observations with more exact methods. 

Instead of employing a mixture of bacteria, 
Koch’s plan was to subject a pure cultivation of 
some well-known species with marked character- 
istics to the reagent to be tested. A _ small 
quantity was then transferred to fresh, nourishing 
soil, under favourable conditions, side by side with 
nutrient material inoculated from a cultivation 
without treatment with the disinfectant. The latter 
constituted a control test, which is most essential in 
all such experiments. To test the resistant power 
of bacteria which are easily destroyed, two species 
were selected, mzcrococcus prodigiosus, and the 
bacillus of blue pus. These were cultivated on 
potatoes, the surface of which was sliced off and 
dried. A fragment transferred to freshly prepared 
potato gave rise to a growth of the particular micro- 
organism ; but if after treatment with some reagent 
no growth occurred, the conclusion was drawn that 
the agent was efficacious in destroying the vitality 
of the bacteria. 

Anthrax bacilli in blood withdrawn from an 
animal just killed were taken to represent spore- 
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less bacteria, while silk threads steeped in an 
artificial cultivation of the bacilli and dried, afforded 
a means of testing the vitality of spores. 

Even by employing pure cultivations on solid 
media, great precautions were necessary to avoid 
mistakes. If, for instance, a large quantity of the 
growth which had been subjected to some chemical 
solution were carried over to the fresh tube con- 
taining the nutrient medium, or if a silk thread, 
which had been dipped in a solution, were directly 
transferred to the new soil, enough of the supposed 
disinfectant might be mechanically carried over to 
retard the development of the bacteria, though 
it was ineffectual in destroying them. From a 
growth not appearing, the conclusion might be 
drawn that the spores or the bacteria had been 
affected, and so a mistake occurs. To avoid this 
Koch made a point of transferring a minimum of 
the disinfected growth to as large a cultivation 
area as possible, so that any chemical substance 
mechanically carried over, would be so diluted as 
to be inert. For the same reason threads, after 
withdrawal from the disinfecting solution, were 
rinsed in sterilised water, or weak alcohol, and 
then transplanted ; or, instead of judging from the 
development on nutrient gelatine, the effect of 
inoculation in a healthy animal was made the test. 

A few examples may be quoted in illustration. 
Silk threads, impregnated with anthrax spores, 
were placed in bottles containing carbolic acid of 
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various strengths. A thread was removed from 
each on successive days, and transferred to nutrient 
gelatine, and the result noted. It was found that 
immersion of the thread in a 5 per cent. solution 
of carbolic acid was sufficient in two days to effect 
complete sterilisation, and seven days in a 3 per 
cent. solution was equally efficacious. Since for 
practical purposes a strength should be selected 
which would be effectual in twenty-four hours, 
Koch recommended that for general use, allowing 
for deterioration by keeping, a solution containing 
not less than 5 per cent. should be employed, 
and for complex fluids probably a still higher 
percentage would be necessary. In the case of 
sporeless bacilli the results were very different. 
Blood, containing the bacilli, from an animal just 
killed, was dried on threads, and after exposure 
for two minutes to a 1 per cent. solution, was 
completely sterilised. Fresh blood mixed with a 
I per cent. carbolic solution produced no effect on 
inoculation. If, on the other hand, the blood was 
mixed with a ‘5 per cent. solution, the virulence 
was not destroyed. The facility with which the 
bacilli are destroyed, compared with their spores, 
illustrates how easily errors may occur, if mere 
arrest of growth or loss of motility be regarded as 
a sign‘of the efficacy of disinfection. 

To test vapours, Koch exposed anthrax spores 
or the spores which occur in garden earth by sus- 
pending them over solutions, ¢.g., of bromine or 
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chlorine in a closed vessel. Ajter a time they were 
transferred to a nutrient medium to test their vitality. 
To test the power of sulphurous acid gas, the spores 
were spread about in a room in which the gas was 
generated by burning sulphur in the ordinary way 
for disinfecting a room. To test chemicals which 
might be recommended for disinfecting vans and 
railway carriages, spores were laid on boards which 
were then washed or sprayed, and the spores then 
transferred to the nutrient gelatine. 

By such simple methods Koch investigated a 
long list of chemical reagents, and according to 
these experiments the salts of mercury, and the 
chloride especially, proved most valuable. Where 
heat is not admissible, these compounds were 
therefore highly recommended, though their poi- 
sonous nature is a drawback to their indiscrimi- 
nate use. Koch states, for disinfecting a ship's 
bilge, where a 5 per cent. solution of carbolic 
acid must be left for forty-eight hours, a 1 in 1000 
solution of mercuric chloride would only require a 
few minutes, 

There is, on the other hand, reason for doubting 
the efficacy of very dilute solutions ; for, though 
anthrax spores subjected to a 1 in 20,000 solution 
of mercuric chloride for ten minutes, and then 
washed in alcohol, gave no growth in nutrient 
gelatine, silk threads exposed for ten minutes to 
a I in 20,000 solution, or even 1 in 10,000, still 
proved fatal to mice. 
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Herroun considers that the value of mercuric 
chloride as an antiseptic is much over-rated, as 
he has cultivated ordinary septic bacteria in 
albuminous filtrates, containing 1 in 2000. It is 
precipitated by albumins if used of greater strength, 
and is readily converted by the sulphur of albu- 
minous bodies into mercuric sulphide,—a com- 
pound which has practically no antiseptic pro- 
perties. 

Sternberg has also made an elaborate series of 
experiments with regard to the action of germi- 
cides. In this case cultivations of well-known 
pathogenic organisms in liquid media were em- 
ployed. The supposed germicide was added to the 
liquid cultivation, and after two hours a fresh flask 
of sterilised culture was inoculated from the dis- 
infected cultivation, and placed in the incubator. 
In twenty-four to forty-eight hours, if the chemical 
were not efficient, there was evidence of a growth of 
bacteria. Blyth has investigated the disinfection 
of cultivations of Bacterium termo, of sewage, and 
typhoid excreta, and, in conjunction with Klein, the 
effect of well-known disinfectant materials on an- 
thrax spores. Miquel, Laws, and others have also 
contributed to our knowledge of the effect of anti- 
septics and disinfectants upon micro-organisms. In 
spite of all that has been done, there is room for 
many workers; a great deal of ground must be 
gone over again to rectify discrepancies, examine 
conflicting results, and thus determine what 
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observations may be relied upon for practical 
application. 

Flot Atr and Steam.—Koch, in conjunction with 
Wolfhiigel, also tested the value of hot air. A 
similar plan was adopted as in disinfection with 
chemicals. Bacteria and spores were subjected for 
a certain time to a known temperature in a_ hot- 
air chamber, and then were transferred to a 
nourishing soil, or animals were inoculated. 

Paper parcels, blankets, bags, and pillows, con- 
taining samples of micro-organisms wrapped up 
inside, were also placed in the hot-air chamber, to 
test the power of penetration of heat. 

The conclusions from such experiments were 
as follows :— 

Sporeless micro-organisms at a little over 100° C. 
are destroyed in one hour and a half. 

Spores of bacilli require three hours at 140° C. 

If enclosed in pillows and blankets, exposure 
from three to four hours to 140° C. is necessary. 

Spores of fungi require one and a half hours at 
110° C. to 115° C. 

Further experiments showed that at the tempera- 
ture necessary for the destruction of spores of 
bacilli almost all fabrics are more or less injured. 

Koch, in conjunction with Gaffky and Loffler, 
also investigated the effect of steam under pressure 
and at the atmospheric pressure. 

Rolls of flannel with anthrax spores or earth 
spores, and a thermometer wrapped up inside, were 
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subjected to steam, and the results compared with 
the effect obtained with hot air. 

Thus in hot air four hours’ exposure to a 
temperature of 130° C. to 140° C. brought the 
temperature inside the roll to 85° C., and the 
spores were not injured; on the other hand, ex- 
posure to steam under pressure at 120° C. for one 
and a half hours, raised the internal temperature 
to 117° C. and killed the spores. 

By such experiments the superior penetrative 
power of steam-heat was established. 

To test steam-heat at the atmospheric pressure, 
water was boiled in a glass flask with its neck 
prolonged by means of a glass tube, the tempera- 
ture in which was found to be uniform throughout 
Anthrax and earth spores placed in the tube were 
found to be unable to withstand steam at 100° C. 
even for a few minutes. It was, therefore, concluded 
that disinfection by steam at atmospheric pressure 
was superior to hot air from its greater efficiency, 
and to steam under pressure from the simplicity 
of the necessary apparatus. 

Parsons and Klein made some experiments which 
were more in favour of dry heat than the above, 
These observers state that anthrax bacilli are 
destroyed by an exposure of five minutes to from 
100° C. to 103° C., and that anthrax spores are de- 
stroyed in four hours at 104° C,, or in one hour at 
118° C. Guinea-pigs inoculated with tuberculous pus 
which had been exposed for five minutes to 104° C., 
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remained unaffected. They concluded that as none 
of the infectious diseases, for which disinfecting 
measures are in practice commonly applied, are 
known to depend upon the presence of bacilli in 
a spore-bearing condition, their contagia are not 
likely to retain their activity after being heated 
for an hour to 105°C. (220° F.). 

In experiments with steam, the results were in 
accordance with those already given, and complete 
penetration of an object by steam-heat for more 
than five minutes was deemed sufficient. They also 
arrived at the same result as in Koch’s experiments, 
that steam-chambers are preferable to those in 
which dry heat is employed, though it must be 
borne in mind that some articles, such as leather, 
are injured by exposure to steam. 


CHAPTER X. 


IMMUNITY. 


Tuc condition of being insusceptible to an 
infective disease may be either natural or acquired. 
In the description of the pathogenic organisms 
several examples of natural immunity will be en- 
countered. The bacillus of septiczemia, so fatal 
to house mice, has been shown to have no effect 
upon field mice. The bacillus of anthrax is 
innocuous to cats, white rats, and, it is commonly 
asserted, to adult dogs and asses. The bacterium 
of rabbit septicemia is equally inert in dogs, rats, 
and guinea-pigs. The immunity may be as in 
these cases complete, or only partial. Ordinary 
sheep are very easily affected with anthrax, but 
Algerian sheep only succumb to large doses of 
the virus. Natural immunity may not only be 
characteristic of certain species, but it may occur 
in certain individuals of a susceptible species. The 
same éccurs in man, for certain individuals, though 
equally exposed during an epidemic of small-pox, 
may escape where others readily fall victims to 
the disease. 


IMMUNITY. 193 


Acquired immunity is illustrated by the protec- 
tion afforded by one attack of the exanthemata 
against subsequent attacks. Thus one attack of 
measles or small-pox, as a rule, affords complete 
protection. A knowledge of the immunity result- 
ing in the latter case led to the introduction of 
inoculation of small-pox as a protection against 
natural small-pox. 

Immunity may be acquired by acclimatization, 
for the inhabitants of tropical climates are less 
susceptible to the diseases of the country, malarial 
fevers for instance, than strangers. 

In civilised communities also there appears to be 
a degree of acquired immunity, for the infectious 
diseases introduced among savages or isolated 
communities have assumed the most virulent 
properties. 

The immunity acquired by protective inocula- 
tion constitutes, in connection with the study of 
pathogenic micro-organisms, a subject of pre- 
eminent interest and importance. Pasteur, in his 
researches upon fowl-cholera, observed that after 
non-fatal cases the disease either did not recur, 
or the severity of a subsequent attack was in 
inverse proportion to the severity of the first 
attack It occurred to him to endeavour to obtain 
the virus of this disease in a form which ‘would 
provoke a mild attack of the disease, and thus 
give protection against the virulent form. This 


attenuation or mitigation of the virus was 
13 
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successfully attained in the following manner: 
Cultivations of the microbe, in chicken-broth, were 
allowed to remain with a lapse of several months 
between the carrying on of successive cultivations 
in fresh media. The new generations which were 
then obtained were found to have diminished in 
virulence, and ultimately a virus was obtained 
which produced only a slight disorder; on re- 
covery the animal was found to be proof against 
inoculation with virulent matter. The explanation 
given by Pasteur of this change was, that prolonged 
contact with the oxygen of the air was the influence 
which diminished the virulence, and he endeavoured 
to prove this by showing that if broth were in- 
oculated in tubes which could be sealed up, so 
that only a small quantity of air was accessible 
to the microbe, the virulence of the cultures was 
retained, 

Toussaint investigated the possibility of attenuat- 
ing the virus of anthrax. Sheep injected with 
3 ccm. of defibrinated blood, containing anthrax 
bacilli, which had been exposed to 55°C. for ten 
minutes, recovered, and were afterwards insuscep- 
tible. Pasteur subsequently argued that this 
method did not admit of practical application ; 
difficulties would arise in dealing with infective 
blood in quantity, and artificial cultivations started 
from this blood could not be relied upon, as 
they proved sometimes as virulent as ever. 

Pasteur endeavoured to apply the same method 
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for obtaining an attenuated virus of anthrax, as 
he had successfully employed in chicken-cholera. 
A difficulty was soon encountered, for in cultiva- 
tions of the bacillus with free access of air spore- 
formation readily takes place, and the spores are 
well known to have an extraordinary power of 
retaining their virulence. Pasteur found that the 
bacilli ceased to develop at 45°C., and he believed 
that spore-formation ceased at 42°—43°C., the 
bacilli continuing to develop by fission only. The 
cultivations were, therefore, kept at this tempera- 
ture, and at the end of eight days the bacilli were 
found to have lost their virulence, and were quite 
inert when inoculated in guinea-pigs, sheep, or 
rabbits. This total destruction was, however, 
preceded by a gradual mitigation, so that a virus 
could be obtained, by taking it at the right time, 
which only gave a mild disease, and afforded 
subsequent protection. 

At Melun, in 1881, the protective inoculation 
against anthrax was put to a practical test. Sheep 
and oxen were inoculated with the mitigated virus, 
and then with a virulent form; at the same time 
other sheep and oxen were inoculated with the 
virulent form without previous vaccination as a 
control experiment. The unprotected sheep died 
without exception; the unprotected oxen suffered 
from cedematous swellings at the seat of inocu- 
lation, and a rise of temperature; but all the 
protected animals remained healthy. 
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As a result of these experiments an idea arose 
that by preventive inoculation with attenuated 
virus all communicable diseases would in time be 
eradicated; but this does not follow, for all com- 
municable diseases do not confer immunity after 
a first attack, and in some cases the very reverse 
is believed to occur. Thus erysipelas of the 
face leads to an increased liability to subsequent 
attacks of the same disease. Again, the occurrence 
of one disease is stated to induce a liability to 
others ; small-pox and typhoid fever are regarded 
as predisposing to tuberculosis; so that the 
principle of preventive inoculation does not apply 
in these cases, and its effect would probably tend 
tather to deleterious results than otherwise. Even 
with regard to the prevention of anthrax, Pasteur'’s 
researches were opposed and criticised. Koch 
investigated the subject, and came to the con- 
clusion that the process did not admit of practical 
application, chiefly on the ground that as immunity 
only lasted a year, the losses from the vaccination 
process would be as great or even greater than 
from the spontaneous disease; further, there was 
danger in disseminating a vaccine of the strength 
required to be effectual. Chauveau proved that 
the attenuation was due to the temperature, and 
not to the prolonged effect of oxygen. By keeping 
cultivations at 42°—43° C. 2 vacuo, the virulence was 
found to disappear in twenty-four hours, and by 
keeping cultivations at a low temperature with free 
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access of air the virulence was retained. Chauveau 
considered, therefore, not only that oxygen was 
not the agent, but that the mitigation was much 
more easily effected in its absence. In spite of 
these adverse criticisms, these researches never- 
theless confirmed the principle of Pasteur’s con- 
clusion, that immunity could be induced by 
experimental measures, and further showed that 
he had considerably advanced the method by 
which this could be effected. 

Chauveau succeeded also in attenuating the virus 
by a modification of Toussaint’s method. Sterilised 
broth was inoculated with the bacilli, and placed 
in the incubator at 42°—43°C. After the lapse of 
twenty hours it was removed to another incubator 
at 47°C, According to the time of exposure to this 
increased temperature, the mitigation varied in de- 
gree, Thus inoculation with the virus, before it was 
exposed to 47°C., was fatal to guinea-pigs; but 
after one hour at 47°C. the virulence was diminished, 
and, though ultimately fatal, life was prolonged ; 
after two hours’ exposure at 47°C. only half the 
animals died; and after three hours’ exposure they 
recovered and were rendered refractory to sub- 
sequent inoculation. 

Attenuation of the virus has also been induced 
by chemical means. Chamberland .and Roux 
stated that a fresh growth started from a cultiva- 
tion of bacilli which had been subjected for twenty- 
nine days to 58, of carbolic acid was found tq 
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be inert in guinea-pigs and rabbits. Bichromate 
of potash added to a cultivation in the proportion 
of rxé06 — sovo gave, after three days, a new 
growth, which killed rabbits, guinea-pigs, and half 
the sheep inoculated; after ten days, rabbits and 
guinea-pigs, but not sheep; and after a longer 
time even guinea-pigs were unaffected. 

In other diseases similar results have been 
obtained. 

Arloing, Cornevin, and Thomas found that by 
inoculating a small quantity of the virus of symp- 
tomatic anthrax anywhere in the subcutaneous 
connective tissue, or a moderate quantity at the 
root of the tail, and even by intravenous injection, 
immunity was obtained from a virulent dose. 

In swine-erysipelas, Pasteur and Thuillier ob- 
tained attenuated virus upon quite another principle 
They discovered that by passing the virus through 
pigeons the virulence was increased, but by passing 
it through rabbits it was progressively diminished. 
Thus a virus was obtained from the rabbit, which 
produced only a mild disease in pigs, and after 
recovery complete immunity. Similarly in rabies 
Pasteur finds that passage of the virus through 
various animals considerably modifies its properties. 
By inoculating a monkey from a rabid dog, and 
then p&ssing the virus through other monkeys, the 
virulence is diminished; but by inoculating a rabbit 
from the dog, and passing the virus from rabbit 
to rabbit, the virulence is increased. More recently 
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Pasteur has employed another method of attenuat- 
ing the virus of rabies. The spinal cord of inoculated 
rabbits is removed with all possible precautions, and 
portions a few centimetres in length are suspended 
in flasks in which the air is dried by fragments 
of potash. By this process the virulence is found 
to gradually diminish and finally disappear. 

Animals inoculated with portions of these cords, 
after suspension for a certain time, are rendered 
refractory to inoculation with virulent cords. 
Having rendered dogs, which had been previously 
bitten, free from the supervention of symptoms of 
hydrophobia by means of protective inoculation, 
Pasteur proceeded to apply the same treatment to 
persons bitten by rabid animals, with results which 
tend to the belief that a prophylactic for rabies has 
been found, though this must still be considered to 
be sub judzce. 

The question as to what constitutes immunity 
is a vexed one. 

Raulin has shown that Asfergzllus niger develops 
a substance which is prejudicial to its own growth 
in the absence of iron salts in the nutrient soil. 
Pasteur has suggested that in rabies side by side 
with the living and organised substance there is 
some other substance which has, as in Raulin’s 
experiment, the power of arresting the growth 
of the first substance. If we accept the theory 
of arrest by some chemical substance, we must 
suppose that in the acquired immunity afforded by 
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one attack of an infectious disease this chemical 
substance 1s secreted, and, remaining in the system, 
opposes the onset of the micro-organism at a future 
time. In the natural immunity of certain species 
and individuals we must suppose that this chemical 
substance is norinally present. 

Another theory is, that the micro-organisms 
assimilate the elements which they require for their 
nutrition from the blood and tissues, and render 
the soil impoverished or otherwise unsuitable for 
the development of the same micro-organisms here- 
after; this condition may be permanent, or the 
chemical constitution of the tissues may be restored 
to normal, when immunity ceases. If, however, 
we explain acquired immunity by the result of the 
growth of a previous invasion of micro-organisms, 
we are still confronted with the difficulty of explain- 
ing natural immunity. 

A third theory is that the tissues are endowed 
with some power of vital resistance to the develop- 
ment of micro-organisms, similar to the vital 
resistance to the coagulation of the blood, which is 
supposed to exist in the lining membrane of the 
healthy blood-vessel ; that in some species and indi- 
viduals this exists to a high degree, and hence 
their natural immunity But this does not explain 
how one attack confers immunity from a subsequent 
one. One would expect that the vital resistance 
would invariably be lowered by a previous attack, 
and increased liability be the constant result. 
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Lastly, that leucocytes appear to have the power 
of destroying bacteria in some cases, has been 
demonstrated by the researches of Metschnikoff. 

If anthrax bacilli are inoculated in the frog, the 
white blood-cells are observed to incorporate and 
destroy them until they entirely disappear, and the 
animal is not affected. But if the animal, after 
inoculation, is kept at a high temperature, the 
bacilli increase so rapidly that they gain the upper 
hand over the leucocytes, and the animal succumbs. 

In septicemia of mice the white blood-cells are 
attacked and disintegrated by the bacilli in a 
similar way. It is difficult, however, to accept any 
explanation of immunity from these observations, 
—to suppose, for example, that immunity depends 
upon the micro-organisms being unable to cope 
with the leucocytes in certain species. Itis difficult 
to conceive that the leucocytes in the blood and 
tissues in the field mouse are differently constituted 
from those in the house mouse, so that they form 
an effectual barrier in the one case, though so 
readily destroyed in the other. 


PART III. 


SYSTEMATIC ANI) DESCRIPTIVE, WITH SPECIAL 
MICROSCOPICAL METHODS. 


CHAPTER XI. 
CLASSIFICATION OF BACTERIA. 


In reviewing the history of the various classifica- 
tions which have from time to time been proposed, 
we shall see that the gradual improvements in the 
means of studying such minute objects, the methods 
of cultivating them artificially, and of studying their 
chemistry and physiology, and the ever-increasing 
revelations of the microscope, have resulted in 
establishing these microscopic objects as members 
of the vegetable kingdom, ranking among the 
lowest forms of fungi. While enabling us to settle 
their position as a whole, these improved methods 
have further given us so great an insight into the 
life-history of individual forms, that, with regard 
to the division into genera and species, we are, up 
to the present time, still in a position of doubt 
and uncertainty. 

Miller, in 1773, was the first to suggest a classi- 
fication. He established two genera, Monas and 
Vibrio, and grouped them with the Jufusorza. In 
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1824 Bory de Saint Vincent also attempted a classi- 

fication ; but it was not until Ehrenberg in 1838, 

and Dujardin in 1841, worked at the subject, that 

a scientific distinction of species was attempted. 
Ehrenberg described four genera :— 


I. Bacterium . . filaments straight, rigid. 

II. Vibrio . filaments snake-like, flexible. 
ITY. Spirillum . . filaments spiral, rigid. 
IV. Spirochete. . filaments spiral, flexible. 


Dujardin united Spzrzllum and Spirochete, and 
classed them thus :— 


I, Bacterium . . filaments rigid, vacillating. 
II. Vibrio . filaments flexible, undulatory. 
III. Spirillum . . filaments spiral, rotatory. 


Up to that time, bacteria were still considered as 
Infusorza ; but the year 1853 marked the com- 
mencement of a new era in their history, for Robin 
then pointed out the affinity of the Bacterza and 
Vibrios to Leptothrix. Davaine, in 1859, still 
more definitely insisted that the Vzbr10s were 
vegetables, and that they were in fact allied to 
the Alve. 

Since that time a flood of light has poured in 
upon fhis subject through the writings of Hoff- 
mann, Pasteur, Cohn, Rabenhorst, Hallier, Billroth, 
Warming, Nageli, Magnin, Marchand, Sternberg, 
Van Tieghem, Koch, Flugge, De Bary, Zopf, 


CLASSIFICATION OF BACTERIA. 207 


Cornil, Babes, and many other’ workers in 
the recent widespread revival of bacteriological 
research. 

Of all these writers we are most indebted to 
Cohn,* not only on account of his researches, which 
extended over very many years, but also for his 
system of classification, which has since been 
almost universally adopted. 

In his first classification, published in 1872, Cohn 
considered the Bacteria as a distinct group be- 
longing to the A/ew, and divisible into four tribes, 
including six genera :— 


I. Sphzrobacteria . globules (Micrococcus). 

II. Microbacteria . short rods (Bacterium). 
III. Desmobacteria . long rods (Bacillus and Vibrio). 
IV. Spirobacteria . spirals (Spirochzte and Spirillum). 


Cohn noted, in spite of placing them with the 
Alge, that the absence of chlorophyll connected the 
Bacteria to Fungi, and we find Nageli subsequently 
adopting this view, and employing the term Sche- 
zomycetes. 

Billroth, in 1874, disputed the division into 
species, and considered that all the forms described 
by Cohn were but developmental forms of one micro- 
organism, Coccobacteria septica. In the following 
year Cohn answered the criticism of Billroth, and 
produced a second classification, in which he still 


* Cohn, Betrage zur Biologie der Pflanzen, 1872, et seq. 
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maintained that distinct genera and species existed. 
The genera Cohn considered to be distinguished 
by definite differences in shape, which were adhered 
to throughout life, while some special feature, as a 
difference in size or physiological action, or some 
minute difference in form, determined the various 
species. Cohn illustrated, by his well-known com- 
parison of a sweet and a bitter almond, the 
appearances of which are similar, but the proper- 
ties very different, that a distinction into species 
might depend upon a difference in physiological 
action only. Others strongly support Cohn’s views. 
By cultivating various micro-organisms through 
several generations, we conclude that a micrococcus 
cannot be transformed into a bacterium, or a bac- 
terium into a bacillus or spirillum. There is also 
no evidence to show that a bacillus can change its 
nature, and be converted from a harmless into a 
pathogenic form, as asserted by Buchner.* 

The second classification of Cohn (1875) only 
differed from the first in that, instead of keeping 
the bacteria as a separate group, he placed them, 
from their ciloserelation ship with the Phycochro- 
macee, under a new group, the Schzzophytes, and 
added the genera Leptothrix Beggtatoa, Crenothrex, 
Sarcina, Ascococcus, Streptococcus, Myconostoc, and 
Streptothrix. 

Nageli maintained that Bacéerza were allied to 


* Buchner, Uchder d ecriperun Erzeugung d Milzbi andconta- 
gums aus a. Heupilzen. 
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Yeasts, and should be included in the class of Fungz. 
In fact, he divided the fungi-producing decomposition 
into :— 


Mucorini . : : . moulds 
Saccharomycetes : ’ . yeasts 
Schizomycetes . : ; . fission-fungi 


(This last class comprising bacteria.) 


Flugge,* following Rabenhorst, maintained the 
term Schizomycetes, and divided them as shown in 
the table on the following pages :— 


*Flugge, Fermente und Mikroparasiten. 1883. 
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The belief is nevertheless rapidly gaining ground 
that the lowest forms of vegetable life cannot be 
divided by a hard-and-fast line into a series with 
chlorophyll (A/g@), and a series without it (Fungz), 
and the tendency now is to solve the difference of 
opinion between Cohn and Nageli by following the 
example of Sachs, and amalgamating the two series 
into one group, the Zhallophytes. 

Researches by competent observers have quite 
recently clearly demonstrated that several micro- 
organisms in their life cycle exhibit successively the 
shapes characteristic of the orders of Cohn. 

This doctrine of pleomorphism, now widely ac- 
cepted, was distinctly foreshadowed in a publication* 
by Lister in 1873, though this memoir contained 
certain conclusions which have since been aban 
doned. Lister described forms of cocci, bacteria, 
bacilli, and streptothrix in milk, which he regarded 
as phases of the same micro-organism, Bacterium 
lactis. As a result of his observations, Lister re- 
marks that ‘‘any classification of bacteria hitherto 
made from that of Ehrenberg to that of Cohn based 
upon absolute morphological characters is entirely 
untrustworthy.” To Lankester, however, belongs 
the credit of having definitely and precisely formu- 
lated. this doctrine. In a paper,t also published in 
1873, Lankester observed that the series of form- 
phases which he had discovered in the case of a 


* Lister, Quart. Fourn. Microscop. Sct., 1873, pp. 380-408. 
+ Lankester, /ézd@., pp. 408-425, and 1876, pp. 278-283. 
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peach-coloured bacterium led him to suppose that 
the natural species of these plants were “ within the 
proper limits protean, and that the existence of true 
species of bacteria must be characterised, not by 
the simple form-features used by Cohn, but by the 
ensemble of their morphological and physiological 
properties as exhibited in their complete _life- 
histories.” Lankester inferred that these phase- 
forms were genetically connected from their all 
possessing the common characteristic of a special 
pigment bacterio-purpurin. These conclusions 
were vigorously opposed by Cohn, and doubt still 
remains in the minds of some as to whether the 
different forms are really only stages in the life- 
history of a single species. Nevertheless the 
theory of pleomorphism has steadily gained ground 
ever since. 

Among the recent observers Cienkowski and 
Neelsen have worked out the different forms as- 
sumed by the daczllus of blue milk; Zopf has ina 
similar manner investigated Cladothrix, Beggiatoa 
and Cvenothrix, and traced out various forms (Fig. 
67); Van Tieghem has investigated Bacillus amylo- 
bactey with a similar result; Hauser has quite 
recently described bacillar, spirillar, and spirulinar, 
and various other forms in the Proteus mirabilis and 
Proteus vulgaris. These facts obviously shake the 
very foundation of Cohn’s classification, and we 
are left without possessing a sound basis for classi- 
fication into genera or species. The mode of 
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CiapoTtHRix Dicnotoma.—A Branched Schizomycete: (a) Vibrio-form 
(6) Spirillum-form [slightly magnified]. B, Screw-form at the ends: 
(a) Spirillum-form; (4) Vibrio-form. C. Very long Spirocheta-form. 
D. Branch fragment, at one end Spirillum-form, at the other Vibrio-form 
E. Screw-form: (@) Continuous; (6) Composed of rods, and (c) Cocci. 
F, Spirocheeta-form: (@) Continuous; (6) Composed of long rods, (¢) 
Short rods, and (@) Cocci [after Zopf]. 
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reproduction is not sufficiently known to afford a 
better means for distinction than the other morpho- 
logical appearances taken alone, nor can we depend 
upon physiological action, which is held by many to 
vary with the change of form, according to altered 
surroundings. 

Zopf, who has warmly supported the pleomor- 
phism of bacteria, has suggested as a result of 
his investigations a division of the Schizomycetes, 
Spatipilze, or Fisston-fungt, into the following four 
groups* :— 


1. Coccaceze.—Possessing (so far as our knowledge 
at present reaches) only cocci, and thread-forms resulting 
from the juxtaposition of cocci. The fission occurs in one 
or more directions. 

Genera :-—Streptococcus, Micrococcus, Merismopedia, 
Sarcina, Ascococcus. 


2. Bacteriacez.—Possessing mostly cocci, rods 
(straight or bent), and thread-forms (straight or spiral). 
The first may be absent, and the last possess no distinction 
between base and apex. 

Division (as far as is known) occurs only in one 
direction. 

Genera :—Bacterium, Spirillum, Vibrio, Leuconostoc, 
Bacillus, Clostridium. 


3. Leptotricheze.—Possessing cocci, rode, and 
thread-forms (which show a distinction between base and 
apex). The last straight or spiral. 


* Zopf, Dre Spaltpilze, 1885. 
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Genera :—Leptothrix, Beggiatoa, Crenothrix, Phragmi- 
diothrix. 
4. Cladotricheze.—Possessing cocci, rods, threads, 


and spirals, Thread-forms provided with false branchings. 
Genus :—Cladothrix. 


Zopf, however, does not assert that all the fission- 
fungi exhibit this pleomorphism, nor does he 
pretend that his classification will include all the 
micro-organisms described. Cohn, on the other 
hand, was ready to admit that all the forms 
described by him were not truly independent 
species. Quite recently De Bary, Hueppe, Baum- 
garten, and Fliigge have expressed new views with 
regard to the classification of bacteria. 

De Bary divides them into two great groups— 
bacteria which form endospores, and bacteria which 
form arthrospores. This affords but little practical 
assistance, though regarded by botanists, from a 
scientific standpoint, as a step in the right 
direction. 

Hueppe, acknowledging that the fructification 
must eventually be made the basis for classification, 
suggests an arrangement for provisional use in 
which this view is introduced. 
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It has already been mentioned that the produc- 
tion of arthrospores is only established in a very 
few species. Therefore, we are hardly justified in 
assuming that all bacteria, the spore-formation of 
which is quite unknown, are to be included with 
those in which this kind of fructification has been 
observed, and consequently to distinguish genera 
on the same grounds may be considered, to say the 
least, somewhat premature. In Baumgarten’s classi- 
fication the genus bacterium is dispensed with, and 
the genera divided into two groups, the mono- 
morphic and the pleomorphic. 


Group J].—MonomorpPHIC. 


Genera.—Coccus, 
Bacillus, 
Spirillum. 


Group IJ. PLEomorpuic. 


Genera.—Spirulina. 
Leptothrix. 
Cladothrix. 


Fligge also, in his recent classification, includes 
the genus bacterium in the genus bacillus. The 
new classification differs also from the original one 
in the grouping together of the different species 
according to the character and behaviour of the 
colonie§ in nutrient gelatine. The abolition, in 
Fliigge’s and Baumgarten’s classification, of the 
genus bacterium is no doubt owing to confusion 
having arisen from the distinction between a 
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bacterium and a bacillus, being a question of 
length. Observers differed as to whether a rod 
of a certain length ought to be considered a bac- 
terium ora bacillus. To meet this difficulty a rough- 
and-ready rule was suggested, viz., that a rod less 
than twice its breadth in length should be considered 
as a bacterium, and otherwise a bacillus. But this 
purely arbitrary division was inadequate, from the fact 
that a rod at one stage of its growth or under certain 


A 





Fic. 68,—BactTer1um PNeumMoniz Croupos&, x 1500 (after Zopf). 


conditions might, as,far as length went, truly be 
a bacterium, and under other circumstances be of 
such a length as to entitle its being considered a 
bacillus. We avoid such confusion if we follow 
Zopf, and acknowledge as a difference between a 
bacterium and a bacillus the presence or absence 
of that form of spore-formation now distinguished 
as endogenous spore-formation. We can thén most 
conveniently retain this generic term, to include that 
group of rod-forms in which this spore-formation is 
as yet unknown; moreover, we shall find that by so 
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doing, with one or two exceptions, we get collected 
together those short rod-forms (Fig. 68), which 
appear to link the simple cocci to the spore-bearing 
rods or bacilli. 

This must surely lead to less confusion than 





Fig. 69.—EmmMericu’s BacTERIuM, x 700 (after Emmerich). 


regarding all rod-forms as bacilli, and massing 
them together into one genus. For by those who 
adopt the latter plan, not only are very short rods 
with rounded ends included as bacilli, e.g., Bacellus 





Fic. 70,—Cotonies on Nutrirnt GriaTIne, x 60, 


Neapolttanus or Emmerich’s bacterium (Fig. 69), 
but even cells which are described as ovoid are also 
regarded as bacilli, as in Léffler's so-called Bactllus 
parvus ovatus. 
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The grouping together of the different species 
according to the character of the colonies in 


nutrient gelatine (Figs. 70, 71) is also of question- 
able advisability. These characters can hardly 
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Fic. 71.—Coionies ON NUTRIENT AGAR-AGAR, x 60, 









be considered to be of sufficient importance, or 
indeed in many cases to be sufficiently constant, to 
serve by themselves for this purpose. In many 
cases a slight variation in the composition of the 





Fic. 72.—CoLony oF Bacittus ANTHRACIS, x 60, From a cover-glass 
impression-preparation, stained with gentian-violet. 


nutrient medium may considerably affect “the ap- 
pearances of the colonies. At the same time, 
the appearances are very characteristic of cer- 
tain species of bacteria (Fig. 72), and in other 
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cases the characters of the colonies, together with 
the characters of the growth in test-tubes, assist 
us in distinguishing species which are morpho- 
logically similar, as in the case of the comma bacilli 
of Finkler and of Koch. 

The classification here given will be found to 
be a convenient form for arranging the micro- 
organisms for reference, and it may lead the 
investigator to work upon the same lines as Zopf, 
and by tracing the life-history of individual forms 
in pure cultivations, either to extend the work of 
establishing protean species or to restrict the 
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Fic 73 —BAactirium OF RasBit SEPTICEMIA 


doctrine of pleomorphism to a very few forms. 
For though the author adheres to the lines of 
classification proposed by Zopf, he is not prepared 
to accept his teachings in their entirety; thus, to 
embrace all described species, and to be consistent 
with the author’s views, it has been necessary not 
only to add to Zopf's classification, but in many 
cases to modify his arrangement of species. For 
instance, Zopf regards the bacterium of rabbit 
septicenfia (Fig. 73) as a micrococcus. Of some 
species alteration in the nomenclature is justified by 
necessity. 

Any arrangement at present can only be con- 
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sidered provisional, and, therefore, that arrangement 
which is of most practical assistance, and which leads 
to a clear description of the important characteristics 
on which the final classification will depend, must 
be considered to be the best. For example, if we 
abolish the genus bactertum, any rod-form may be 
at once classed as a bacillus; on the other hand, 
in the plan here adopted, we must determine the 
presence or absence of endogenous spore-formation 
before we can decide whether it be a bacterium or a 
bacillus. This necessarily leads to a more thorough 
study of their life-history. In the systematic de- 
scription which follows, stress is laid upon the 
morphological appearances of bacteria, upon the 
absence or presence of spore-formation, and upon 
the appearances under cultivation, in addition to 
other characteristics, such as the changes produced 
by their growth. The determination of species 
rests upon the accumulated evidence afforded by 
a thorough knowledge of their life-history. The 
form of the organism, the changes it effects, and 
the microscopical appearances under cultivation 
must be collectively taken into account. 


CHAPTER XII. 


SYSTHEALA TIC AND DESCRIPTIVE. 


THE Schizomycetes, Spaltpilze, or Fisston-fungt have 
already been described as divisible, according to 
Zopf, into four groups: Coccacea, Bactertacee, Lep- 
totrichee, and Cladotrichez. They comprise the 
following genera and species :— 


Grour I.—CoccacEZ. 


Genus I, Streptococcus (Chain-cocci).—Division in 
one or more directions. Individual cocci remain 
united together to form chains. 


Genus 1]. Merismopedia (Plate-cocci).—Division in 
two directions, forming lamellz or plates. 


Genus IIT. Sarcina (Packet-cocci),——Division in three 
directions, forming colonies in cubes or packets. 


Genus IV. Micrococcus (Mass-cocci).—Division in one 
direction, cocci after division remain aggre- 
gated in irregular clusters, or singly, or in pairs 

” or in chains of three or four elements. 


Genus V. Ascococcus (Pellicle-cocci)—Like micro- 
coccus, but the cocci grow in characteristic 
gelatinous pellicles. 
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Genus I,—Streptococcus. 


Streptococcus pyogenes, Rosenbach.—Cocci 
occurring singly, in chains, and in zooglcea. The 
individual cocci are small spherical cells, with a 
special tendency after fission for the resulting 
elements to remain attached to each _ other, 
forming chains or rosaries. There may be a few, 
three or more elements, linked together, or a 
great number, forming straight, serpentine, and 
twisted chains. 

Preparations, stained preferably by the method of 
Gram (Plate XIX.), should be studied minutely 
with the best lenses and the best method of illu- 
mination in order to make out all the minute details. 
The individual elements composing the chains will 
be found to vary considerably in size; here and 
there in a preparation will be found a chain com- 
posed of excessively small elements, in another part 
the elements are all on a larger scale, and again in 
another part the elements will be peculiarly con- 
Spicuous on account of their size. Very character- 
istic appearances result from the fact that the 
elements enlarge and divide both longitudinally and 
transversely, and, indeed, the largest elements, for 
the most part, clearly show a division in two direc- 
tions, resulting in the formation of tetrads. So 
great is the diversity in the size of the elements 
of some of the chains, that one might imagine that 

15 
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there was more than one kind of streptococcus 
present in a preparation, until on examining some 
of the longest chains it is observed that various 
sizes are represented in different lengths of the 
same chain. In addition to the forms resulting from 
the fission of the elements, there are here and there 
in a chain, and sometimes terminally, larger elements, 
which are spherical, spindle-shaped, or in the form 
of a lemon. In the length of the chains, as in the 
size of the individual elements, there is usually a 
great diversity. In some cases they are composed 
of only a few, three or four elements, or in others 
eight, ten, or twenty. Here and there an exquisite 
rosary will extend in a straight line across the field 
of the microscope, or be twisted, curved, or serpen- 
tine; in some preparations twisted or entangled 
strands are observed which are composed of several 
hundred elements. Such chains will be found to be 
much thicker in one part than another. Another 
characteristic appearance is produced by separation 
of the elements resulting from fission in the long 
direction of the chain, by which lateral twigs or 
branches are formed. Another character, which is 
very striking, may be seen when the individuals in 
a chain have become separated; an unstained or 
faintly stained membrane may he found bridging 
across the interval. This will become still more 
visible in some of the preparations contrast-stained 
with eosin. 

Cultivations.—In plate-cultivations the appear- 
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ances of the colonies are not very striking. They 
appear to the naked eye after three or four days 
as extremely minute, greyish-white, translucent 
dots, which under the microscope have a slightly 
yellowish-brown colour. They are finely granular 
and well defined. They do not liquefy the gelatine, 
and after several weeks do not exceed the size of a 
pin’s head. 

If the surface of nutrient gelatine solidified ob- 
liquely be traced over once or twice with a platinum 
needle bent at the extremity into a little hook 
charged with the cocci, a ribbon-shaped film de- 
velops in two or three days. This film is composed 
of minute, greyish-white, translucent dots or droplets, 
which can be more easily recognised with the aid 
ofa pocket lens. According to the number of organ- 
isms sown on the jelly, the dots or colonies may be 
completely isolated, or form a more or less continuous 
film. The film by reflected light has an iridescent 
appearance like mother-of-pearl, but has a bluish or 
bluish-grey tint by transmitted light, and with a 
pocket lens appears distinctly brownish. The gela- 
tine is not liquefied, and even after several weeks the 
cultivation is limited to the inoculated area, and the 
individual colonies are not larger than pins’ heads. 
In gelatine-cultivations of the same age, but kept in 
the incubator at 18°C., the colonies get irregular in 
form, especially at the margin of the film, and give 
the growth an arborescent, fringed, or serrated appear- 
ance. Cultivated on the oblique surface of nutrient 
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agar-agar at 37°C. the growth is very similar, form- 
ing a film composed of minute dot-like colonies like 
grains of sand. But the film appears less trans- 
parent, is whiter, and the colonies have a greater 
tendency to get irregular in form. If inoculated 
with one tracing of the needle the growth is scanty, 
but tends to get thicker in the centre than towards 
the margins, which may have a terraced appearance. 
Inoculated in the depth of gelatine, there appears 
after a day or two at 18°C. a thread-like growth 
along the track of the inoculating needle. This 
delicate growth is found on examination with a 
pocket lens to consist of a linear series of extremely 
minute granules. Ina few days more the beads or 
granules become more marked, but even after weeks 
the cultivation only appears like a string of minute 
white, compact, globular masses or grains. In broth 
at 37°C. the cocci in twenty-four hours create a 
turbidity, and gradually develop beautiful chains 
varying in length according to the age of the culti- 
vations. Even in forty-eight hours there may be 
chains of eight, ten, twenty, or a hundred elements. 
After a few days the growth settles down at the 
bottom of the tube in the form of a white deposit, 
while the supernatant liquid becomes clear again. 

Inoculated subcutaneously in the ear of rabbits, 
they produce in two days an inflammatory thickening 
with erysipelatous redness without suppuration. 

They occur in pus and in diseases associated with 
septic complication. 


PLATE {8 
faang p 228 


Ps OT Teed 





SYSTEMATIC AND DESCRIPTIVE. 229 


Lhe diseases and conditions in which streptococci have 
been found will be enumerated. In some cases the strep- 
tococct ave identical with the first named, and in others 
there is need for further investigation; some being 
regaraed as variettes, and others as distinct species. 


Abscesses.—In abscesses a chain forming micro- 
coccus was first described by Ogston. It was later 
studied by the methods of cultivation introduced by 
Koch and named by Rosenbach Streptococcus pyogenes. 
According to Flugge, after subcutaneous inoculation of 
mice with a small quantity of a cultivation, there is no 
result in 80 per cent. of the animals experimented on. 
Sometimes there is limited pus-formation at the seat of 
inoculation, sometimes the animals die without any very 
striking pathological appearances. 

Rosenbach examined six cases of pyzmia. From 
Case 1 cultivations of Streptococcus pyogenes were ob- 
tained from the blood of the patient during life. The 
blood was stroked over the surface of the culture 
medium, and in two tubes the Staphylococcus pyogenes 
aureus was also present. In Case 2, with suppurative 
pleuritis, the pleura was tapped during life, and cultiva- 
tions of Streptococcus pyogenes were obtained. In Case 3 
streptococci were found in the metastases in the kidneys 
and in the other suppurations that were examined. In 
Case 4 the pleura was opened during life, and S¢reptococcus 
pyogenes and Staphylococcus pyogenes aureus were isolated 
from the fluid which escaped. In Case § pure cultiva- 
tions of Streptococcus pyogenes were obtained from pus 
from the knee, which was punctured during life. This 
case was one of erysipelas and pyemia after removal 
of a carcinoma of the breast. In Case 6, a case of 
whitlow with metastatic abscesses, the patient recovered, 
and no streptococci were found. Thus in six cases of 
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metastatic pyemia Streptococcus pyogenes was found five 
times, partly in the blood and partly in the metastatic 
deposits, and twice in company with Staphylococcus pyo- 
genes aureus. 

Baumgarten, also, found the Streptococcus pyogenes in 
the internal organs in pyzmic cases, and Eiselsberg 
found Streptococcus pyogenes in company with Staphy- | 
lococcus pyogenes aureus in the blood of cases of 
septicemia, 

Erysipelas.—In erysipelas Fehleisen isolated a 
Streptococcus and described the appearances on culti- 
vation. Fehleisen regarded the organism as quite dis- 
tinctive, with special characters on cultivation, and 
claimed that it produced erysipelas when inoculated 
in the human subject. Rosenbach pointed out the 
extremely close resemblance in every respect to the 
Streplococcus pyogenes, though he described an apparent 
difference on cultivation on nutrient agar-agar. Other 
observers maintain that these organisms cannot be 
distinguished with certainty by cither their morphological 
appearances or by their characters on cultivation. More- 
over, the marked differences which have been described 
after inoculation were not obtained by those who re- 
peated the experiments. Passet found that the results 
of inoculating Streptococcus pyogenes in the rabbit's ear 
induced a very similar condition to the result of inocu- 
lation of Streptococcus erysipelatis ; and both organisms, 
by subcutaneous inoculation, and by inoculation in the 
cornea of rabbits and other animals, induced results 
without any constant difference. Passet showed that the 
inoculation of the cornea produced the same form of 
keratitis. Hoffa and Hajek described minute differences 
at the ‘seat of inoculation, but Biondi and Eiselsberg 
repeated the experiments, and failed to establish the 
alleged differences. Baumgarten also investigated this 
subject, and failed to prove any essential difference, 
and, indeed, found much more often than might have 
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been expected from the publications of previous authors 
that no marked result at all was obtained on inocu- 
lation; and he concluded that Streptococcus pyogenes 
and Streptococcus erysipelatis in their form, cultivation, and 
their effects on animals were identical. Passet, Biondi, 
Eiselsberg, Baumgarten, and Frankel have definitely 
accepted the identity of the streptococcus associated 
with suppuration, and the streptococcus associated with 
erysipelas. 

Spreading Gangrene.—From a case of spreading 
gangrene, which was identical with Ogston’s erysipelatoid 
wound gangrene, and regarded by him as the most intense 
and dangerous form of erysipelas, Rosenbach obtained 
pure cultivations of a streptococcus by incising the skin 
of the limb, and inoculating tubes from the turbid reddish 
fluid which escaped. That the streptococcus was identical 
with Streptococcus pyogenes was ascertained by comparison 
with a cultivation derived from pus, of the mode of growth, 
and of the effect on animals. 

Surgical Fever.—Eiselsberg proved the presence 
of a streptococcus in the blood of several cases of surgical 
fever in Billroth’s clinic. The organism was identified by 
cultivation with Streptococcus pyogenes. 

Diphtheria.—In three cases of typical diphtheria 
Loffler found a streptococcus. He isolated it by culti- 
vation, found that it was similar in form, characters on 
cultivation, and effects after inoculation, to Fehleisen’s 
streptococcus of erysipelas. L6ffler was not inclined to 
regard them as identical, because Fehleisen never found 
his cocci in the blood-vessels. Fliigge named the 
organism Streptococcus articulorum, and states that, after 
subcutaneous inoculation or injection of a cultivation in 
mice, a large proportion of the animals die, and in the 
sections of the spleen and other organs the streptococci 
are again seen. Baumgarten investigated the same sub- 
ject, and decided that the streptococcus was identical with 
Streptococcus pyogenes. 
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Puerperal Fever.—Friankel isolated a strepto- 
coccus from puerperal fever, which he at first called 
Streptococcus puerperalis, but subsequently identified with 
Streptococcus pyogenes. Winkel obtained a pure culti- 
vation of a streptococcus from the blood of the heart 
in a case of puerpera peritonitis. It produced erysi- 
pelatous redness when inoculated in the rabbit’s ear, 
and in form and in cultivation was similar to the strep- 
tococcus in erysipelas. Cushing found Streptococcus 
pyogenes associated with puerperal infection. The 
cocci were found in endometritis diphtheritica as well 
as in secondary puerperal inflammation. These obser- 
vations were still further confirmed by Baumgarten, 
and Bumm isolated the same organism in puerperal 
mastitis, 

Scarlet Fever.—The occurrence of a streptococcus 
in certain cases of scarlet fever has been observed by 
several investigators—Crooke, Loffler, Babes, Heubner, 
and Bahrdt, and notably by Frankel and Freudenberg. 

Crooke, in cases of scarlet fever with severely affected 
throat, found bacilli, cocci, and streptococci in the organs 
of the throat, and cocci in the internal organs. Crooke 
left it an open question whether these cocci were the 
specific organisms of scarlet fever, or to be regarded as 
diphtheritic or septic associates, He inclined on clinical 
grounds to the latter view. 

Loffler, in cases of scarlatinal diphtheria, found the 
same chain-forming micrococcus which he had found in 
typical diphtheria. 

Babes was able to constantly prove in inflammatory 
products secondary to scarlatina the presence of a strepto- 
coccus greatly resembling that in pus. 

Heubser and Bahrdt, in a fatal case of scarlet fever 
in a boy, complicated with suppuration of the finger- and 
knee-joints and with pericarditis, found a streptococcus 
identical in form, from his description, with Streptococcus 
pyogenes. Cultivations were not made. The secondary 
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infection started from diphtheritically affected tonsils, 
which were followed by retro-pharyngeal abscesses. 

Frankel and Freudenberg examined for micro-organisms 
three cases of scarlatina with well-marked affection of the 
throat. In all three cases they obtained cultivations of 
cocci from the submaxillary lymphatic glands, spleen, 
liver, and kidney. These cocci could in no way be dis- 
tinguished from Streptococcus pyogenes derived from pus, 
nor from the undoubtedly identical streptococcus which 
one of them (A. Frankel) had already repeatedly culti- 
vated in large numbers from puerperal affections. In 
two of the cases Streptococcus pyogenes was the only 
organism present, and in all three cases it was far in 
excess of other colonies which developed. The organisms 
were also found in sections of the organs by microscopical 
examination. The identity of this streptococcus with 
Streptococcus pyogenes and Streptococcus puerperalis was 
established by comparison of their macroscopical and 
microscopical appearances in cultivations on nutrient 
agar-agar, nutrient gelatine, and in broth, both at the 
ordinary and at higher temperatures, and also by experi- 
ments on animals. They concluded that it could be 
stated with certainty that the organisms in question did 
not stand in causal relation to scarlet fever. They 
considered that special methods of microscopical and 
biological research were apparently needed for demon- 
strating the true scarlet fever contagium, which probably 
was especially present in the skin. They considered that 
the presence of the streptococcus was due to a secondary 
infection, to which the door was opened by the lesions of 
the throat—a view which was supported by the fact that 
the organisms were found in the submaxillary lymphatic 
glands. They preferred to use the term “secondary” 
to “complicated” or “combined” infection, because this 
expresses the fact that by the effect of the scarlatinal 
virus the soil is rendered suitable for this ubiquitous 
microbe when it has once gained an entrance. 
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Klein found the streptococcus in five out of eleven 
cases of scarlet fever, twice in association with other cocci, 
and three times alone, and regarded it as the contagium of 
scarlet fever. The cases from which the organism was ob- 
tained were all cases with ulcerated throat. An analysis 
of these cases is shown in the following table :— 





Condition | Source 











Micro-organis 0 
seneen ener: tonsils. blood. isolated. - recovery. 
1} Lilian Fuller, Severely | Finger Streptococcus Ultimately 
aged 5 ulcerated recovered, 
Staphylococcus 
2; Kate Fuller, Much aid ogenes aureus '( Died of 
és iquefying mucro- 
aged 2 ulcerated eas pysemia, 
Streptococcus 
Henry Lampson, | Ulcerated Pi Staphylococcus 
: aged 8 Sirepacoceus RECOvErce. 
4] ——(a woman),} Much Arm None [Not stated ] 
aged 40 ulcerated 
5} ——— (a girl), ” ” ” ” 
aged 19 
6 acai Moody, | Ulcerated |Finger| Streptococcus Recovered. 
aged 15 
7) Ellen Warr, Much "5 None [Not stated ] 
aged 22 ulcerated 
8} Robert Hughes, | Ulcerated | __,, 5 i 
aged 8 
g|Florence Glossop, ‘i Heart Streptococcus Died. 
aged 23 
10| Edward Fenton, — Pe None _ 
aged 3 
11] R. Boucher, | Advanced | _e,, ‘i ss 
aged 20 months | ulceration 


But the evidence is sufficient to show that in any 
disease accompanied with a lesion of the skin or mucous 
membrane, in which the blood and tissues are profoundly 
affected by the virus of that disease, septic micro- 
organisms gain an entrance into the circulation, and 
may not only escape destruction, but may gain the 
upper hand and set up destructive processes. And it is 
interesting to observe in connection with this, that the 
streptococcus was isolated in all cases at or about the 
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time at which the temperature was highest; in other 
words, at a time when the tissue resistance to an invasion 
of micro-organisms would be lowered. The occurrence 
of streptococci, in certain cases of diphtheria, scarlet 
fever, cow-pox, small-pox, measles, typhoid fever, must 
be regarded as a secondary result associated with suppu- 
ration or with septic or pyzmic complication ; in fact, 
with the exception of negative evidence, bacteriology has 
not assisted us in the least in the determination of the 
real nature of the morbific agent or actual contagium of 
scarlet fever. 

Small-pox.—Hlava has established the presence of 
Streptococcus pyogenes in the pustules of variola, and Garré 
found streptococci in the internal organs in a case of 
variola hzmorrhagica. 

In a fatal case of variola complicated with pemphigus, 
Garré found a streptococcus in the pemphigus vesicles. 
Whether it was identical with Streptococcus erysipelatis 
Garré left an open question. 

Foot - and- mouth Disease.—In 1868 Brown 
figured a streptococcus in the milk of cows affected 
with foot-and-mouth disease. From the vesicles of this 
disease in sheep, Klein isolated a streptococcus which he 
regarded as the contagium of the disease. From Klein’s 
description of its morphological features and characters 
on cultivation, it closely corresponds with Streptococcus 
pyogenes. Baumgarten regards Klein’s alleged con- 
tagium as most probably the Séreptococcus pyogenes. 
Against the fact of this organism being the virus 
of this disease, and in favour of its being a septic 
organism, we have the results of inoculation experiments. 
A great number of subcutaneous inoculations in sheep 
were without any result. One of several guinea-pigs fed 
with the organism had an abscess, another an ulcer. In 
sheep fed with the organism, two out of nine, after a 
number of repeated administrations, developed a disease, 
regarded by Klein as foot-and-mouth disease. There is the 
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possibility of two fallacies—one that the disease, if really 
foot-and-mouth disease, may have occurred incidentally ; 
the other, that the result which occurred may have been 
a spurious form of foot-and-mouth disease. The control 
experiment of exposing a number of sheep with these two 
sheep to see if the disease would spread was wanting. 

Cattle Plague.—Semner cultivated streptococci 
from the blood and lymphatic glands of a sheep suffering 
from cattle plague. A calf inoculated with a cultivation 
was stated to have died in seven days from cattle plague. 
The cocci were stated to lose their virulence by successive 
cultivation, and the weakened cultivation to protect against 
the virulent disease. It is extremely likely that this was 
another manifestation of septic streptococci, and that the 
animal died very probably of septic infection. Klein is 
also of opinion that the specific nature of these micro- 
organisms cannot be considered to be established. 

Strangles.—Schutz has described a streptococcus as 
the contagium of glanders. 

Contagious Mammitis,—Nocard has cultivated 
a streptococcus in contagious mammitis which he regards 
as specific. 

Yellow Fever.—Babes observed the presence of 
streptococci in the vessels of the kidney and liver in 
yellow fever. Cultivation experiments are wanting. It 
was probably secondary infection with Streptococcus pyogenes. 

Bilious Fever.—Babes, in a case of fiévre bilieuse 
typhoide, found masses of streptococci filling the vessels 
of the liver, kidney, and spleen. Probably another in- 
stance of secondary infection with Streptococcus pyogenes. 

Measles.—From the blood and from inflammatory 
post-products in measles Babes isolated a streptococcus, 
which he describes as closely resembling the Streptococcus 
pyogenes. 

Ulcerative Endocarditis.—Wyssokowitsch found 
cocci in the internal organs in ulcerative endocarditis, and 
produced the disease in animals after injury to the valves 
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by injection of Streptococcus pyogenes and other organisms. 
Wechselbaum, by microscopical research and by cultiva- 
tion experiments, proved the presence of Streptococcus 
pyogenes in acute verrucous endocarditis. Baumgarten 
confirmed this. He found Streptococcus pyogenes alone 
in one case and accompanied by Staphylococcus aureus in 
another. 
Typhoid Fever.—Senger found a streptococcus in 
a case of typhoid with secondary infection. This was 
probably Streptococcus pyogenes. Dunin found the well- 
known pyogenic organisms in post-typhoid suppuration, 
mostly as staphylococci, but sometimes streptococci. 
Pneumonia.—Wechselbaum found a Streptococcus 
pneumonia, which resembled Streptococcus pyogenes and 
erystpelatis morphologically and on cultivation. It was 
found in twenty-one cases of pneumonia by microscopical 
research, and cultivated in nineteen. It had no effect on 
the rabbit’s ear. Baumgarten, nevertheless, regards this 
as Streptococcus pyogenes, and is of opinion that it is only 
a matter of further research to establish that view. 
Neumann found streptococci by microscopical research 
in the lungs, and by cultivation isolated a streptococcus 
in pneumonia after typhoid. It corresponds with Wech- 
selbaum’s streptococcus in not affecting the rabbit's ear. 
Empyema.—Rosenbach obtained a pure cultivation 
of Streptococcus pyogenes in a case of empyema. Wechsel- 
baum, in two cases, also established its presence. 
Broncho-pneumonia. — Thaon found a strep- 
tococcus in the lungs of children in fatal cases of 
broncho-pneumonia, complicating measles, diphtheria, and 
whooping-cough. It was regarded as identical with the 
streptococcus isolated by Loffler from diphtheria. Frankel 
discovered a streptococcus in the lungs of a case,of true 
croup complicated with broncho-pneumonia, and by culti- 
vation established its identity with Streptococcus pyogenes. 
Progressive Tissue Necrosis in Mice.—Koch 
produced a disease in mice by subcutaneous injection of 
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putrid blood. In tissue sections a chain coccus was 
found, and Baumgarten is of opinion that it is very 
probably identical with the Streptococcus pyogenes ; but 
cultivations are still wanting. 





Fic. 74,—Srrrp1ococcus oF Proorrssive Tissur Necrosis 1n Mice. 
(a) Neciotic cartilage cells, and (6) Chains in masses; (¢) Chains 
isolated [after Koch} 


Anthrax.—cCharrin found cocci in rabbits, examined 
some hours after death from anthrax. These, when 
isolated, produced death in rabbits from septicemia with- 
out suppuration. Chains composed of from fifteen to 
twenty elements were found in all the organs. This was 
probably another instance of Streptococcus pyogenes. 

Syphilis. — Kassowitz and Hochsinger found the 
presence of a streptococcus in the tissues and internal 
organs, and especially in the blood-vessels, in fatal cases 
of congenital syphilis. These observers regarded their 
discovery as having an important bearing on the etiology 
of syphilis, but Kolisko pointed out that it was only the 
result of septic infection with presence of Streptococcus 
pyogenes, as had already been established in scarlet fever. 

~— Cerebro-spinal Meningitis.—From the menin- 
geal exudation of a case of apparently idiopathic cerebro- 
meningitis, Banti found by Koch’s methods the presence 
of Streptococcus pyogenes and Staphylococcus aureus and 
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albus. The cocci probably entered through an abscess of 
the jejunum. 

Blepharadenitis and Dacryocystis. — Wid- 
mark isolated by cultivations Streptococcus pyogenes and 
other organisms from cases of blepharadenitis and phleg- 
monous dacryocystis, In phlegmonous_ dacryocystis 
Widmark found Streptococcus pyogenes almost exclusively. 

Leukzmia.—Fliigge cultivated a streptococcus from 
necrotic patches in the spleen of a fatal case of leukemia. 
Cultures corresponded very closely with Streptococcus 
pyogenes. Inoculation in the ears of rabbits produced 
similar results to Streptococcus pyogenes or erysipelatis. 
Fliigge calls it Streptococcus pyogenes malignus, but con- 
cludes that it is probably identical with the streptococcus 
from pus. 

Soil.—Nicolaier, and later Guarneri, isolated a strep- 
tococcus from soil. Microscopically it could not be 
distinguished from other streptococci. Baumgarten is of 
opinion that it is neither in form nor in cultivation to be 
distinguished with certainty from Streptococcus pyogenes. 

Air.—Emmerich succeeded in proving the presence of 
streptococci in the air of a hospital where erysipelas had 
broken out. These cocci, in their form, their characters 
on cultivation, and in inoculation results, were identified 
with the Srreptococcus erysipelatis. 

Putrefaction.—Baumgarten points out that strep- 
tococci are found in the most various substances under- 
going putrefaction. 


EXAMINATION AND CULTIVATION OF STREPTOCOCCI. 


Cover-glass preparations can be stained with the 
watery solutions of the aniline dyes. In some cages very 
beautiful preparations can be obtained by using Neelsen’s 
solution, and removing excess of stain by rinsing in 
alcohol. To examine pus, milk, or broth, take an ordi- 
nary platinum inoculating needle bent at the extremity 
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into a hooklet. Dip it into the liquid to be examined, 
and spread it on a cover-glass into as thin a film as 
possible ; the preparation is treated in the ordinary way, 
that is to say, the film is allowed to dry, and the cover is 
taken up with forceps, and passed three times through the 
flame with its prepared side uppermost. 

Gram’s Method of Eosin—kIn this way the strep- 
tococci are stained blue, and stand out in marked 
contrast to the rest of the preparation. Use freshly pre- 
pared solution. Float the cover-glasses on the solution 
for ten minutes to half an hour, then transfer them to 
iodine-potassic-iodide solution, until they assume the 
colour of a tea leaf; then immerse them in alcohol until 
they are decolourised ; dip them in an alcoholic solution 
of eosin for a few moments, and then transfer them to 
clove oil to clarify the film; to remove the clove oil 
gently press the cover between two layers of clean filter 
paper, then mount in xylol balsam (Plate XIX.). 

A good method for cultivating streptococci is to employ 
a sterilised looped platinum wire, and to spread a droplet, 
for example, of pus or blood over the surface of nutrient 
agar-agar solidified obliquely. The tubes are then placed 
in the incubator at 37° C.; the streptococci will appear in 
the course of two or three days in the form of minute 
dotted colonies. If present alone, and in considerable 
quantities, ‘the inoculated surface will exhibit a pure 
cultivation consisting of a number of such colonies, whilst 
a flocculent mass is observed in the liquid which collects 
at the bottom of the agar-agar tubes ; this flocculent mass 
will be found to be composed of chains. From such a 
tube inoculate a number of the small flasks employed in 
Pasteur’s laboratory for cultivations in liquids, In this 
way a number of pure cultivations in milk and broth are 
established, which can be readily examined from time to 
time. From a pure cultivation in broth or agar-agar 
tubes of nutrient gelatine can be inoculated. Cover-glass- 
preparations from the growths on solid media can be 
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made in the usual way, and stained with either a watery 
solution of fuchsine or gentian violet ; but to stain pre- 
parations made from milk or broth, or from the liquid in 
agar-agar tubes, use the method of Gram; the stain will 
then be removed, except from the streptococci, and very 
beautiful preparations result. 


Genus I1.—Merismopedia. 


SPECIES. 
ASSOCIATED WITH DISEASE :— 
Merismopedia gonorrheeze ‘ . Pathogenic in man, 
{ Saprophytic in man. 
* ) Pathogenic in animals. 
Diplococcus albicans tardissimus . Saprophytic in man. 


Micrococcus tetragonus , 


UNASSOCIATED WITH DISEASE :— 


Micrococcus citreus conglomeratus 
Micrococcus subflavus . ; . } Simple saprophytes. 
Micrococcus albicans amplus . 


Merismopedia gonorrhcez (Coccus of Gonor- 
rhoea).—Cocci 0°83 p in diam., singly, in pairs, in 
tetrads, and zoogloea groups. They are found in 
gonorrhceal pus adhering to the pus corpuscles and 
epithelial scales. Artificial cultivations have been 
carried out,* and it has been claimed that the 
pathogenic character of the cocci has been esta- 
blished by inoculation. 

Micrococcus tetragonus.—Cocci about I py 
in diam., in groups of four (tetrads), surrounded 
by a hyaline capsule. They are found in the 
sputa of phthisical patients and in the walls of 
tubercular cavities. In a test-tube of rfutrient 
gelatine they form an irregular white growth, more 
especially in the upper part of the needle track 


* Bockhart, Sttzungsberichte der Phys. Med. Gesell. Wurzburg. 
1882. 
16 


242 BACTERIOLOGY. 


(Plate V., Fig. 1). On the sloping surface of 
nutrient agar-agar thick, whitish, heaped-up masses 
develop. Guinea-pigs and mice inoculated with a 
minute quantity of a pure cultivation die in from 
two to ten days, and the groups of the characteristic 
tetrads may be found in the capillaries through- 
out the body, especially in the spleen, lung, and 
kidney (Plate II., Fig. 1). 

Double infection can be produced by inoculating 
a mouse with a pure cultivation of Paczllus 
anthracis two or three days after inoculation 
with Micrococcus tetragonus. On examination after 
death, the capillaries of the lungs, liver, and 
kidney are filled with both anthrax bacilli and 
masses of tetrads* (Plate XXIV., Fig. 2). 


Micrococcus citreus conglomeratus, Bumm. 
—-Cocci 1'5 yin diam, similar to gonococci. They form 
lemon-yellow colonies on plate-cultivations, Isolated 
from blennorrhceic pus and from dust from the air. 

Diplococcus albicans tardissimus, Bumm — 
Cocci morphologically identical with gonococci. They 
grow extraordinarily slowly on gelatine. They were iso- 
lated from urethral pus. 

Micrococcus subflavus, Bumm.—Cocci morpho- 
logically resembling gonococci. Cultivated on nutrient 
gelatine, they form whitish dots which become gradually 
greyish and then yellow in colour, and confluent. They 
were observed in lochial discharges and vaginal secretions. 

Micrococcus albicans amplus, Bumm.—Cocci 
in pairs and tetrads similar to gonococci, but considerably 
larger. Found in vaginal secretions, 


* The Author, Lancet, 1885. 
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Genus I11.—Sarcina. 


UNASSOCIATED WITH DISEASE :— 
Sarcina lutea . 
Sarcina aurantiaca. 
Sarcina ventriculi . 
Sarcina intestinalis 
Sarcina uring ; ‘ 
Sarcina litoralis . . >Simple saprophytes. 
Sarcina Reitenbachii 
Sarcina hyalina 
Sarcina alba . 


* | Chromogenic saprophytes. 


Sarcina lutea.—Cocci singly, in pairs, in 
tetrads, and in packets. A single individual in a 
tetrad may be divided into two, or into four, so 
that a tetrad within a tetrad results. Cultivated 
in nutrient agar-agar in a test-tube, they form a 
colourless growth along the track of the needle, 
and a bright canary-yellow layer upon the surface, 
where they have access to the air (Plate VII, 
Fig. 1; Plate [X., Fig. 1). In plate-cultivations the 
colonies are round, slightly granular in appearance, 
and yellow. Cultivated in a test-tube containing 
nutrient gelatine, they grow rapidly ; the gelatine 
becoming liquid, the yellow growth forms a wad 
about the middle of the tube (Plate VI., Fig. 2), or, 
liquefying the whole of the gelatine, subsides to 
the bottom of the test-tube. Cultivated on sterilised 
potatoes, they form a yellow layer (Plate XV., Fig. 1). 
In drop-cultures in bouillon the subdivision into 
tetrads within tetrads and formation of groups of 
8, 16, and 24 can be studied (Plate I., Fig. 7). In- 
oculation of mice produces negative results. The 
cocci are occasionally present in the air. 
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Sarcina aurantiaca.—Cocci singly, in pairs, 
in tetrads, and in packets. They form small 
orange-yellow colonies on plate-cultivations, and 
in test-tubes slowly liquefy the gelatine along the 
whole needle track, forming on the surface an 
orange-yellow growth. On potatoes they slowly 
develop the same pigment. 

Sarcina ventriculi, Goodsir.*—Cocci reach- 
ing 4 p in diam., united in groups of four, or 
multiples of four, producing cubes or packets with 
rounded-off corners. Contents of the cells are 
greenish or yellowish-red. They occur in the 
stomach of man and animals in health and disease, 
and were first detected in vomit. 


Sarcina intestinalis, Zopf.t-—Cocci in groups of 
four or eight. Very regular in form ; never in the large 
packets which occur in Savcina ventricult. They are 
found in the intestinal canal, especially the czcum, of 
poultry, particularly fowls and turkeys. 

Sarcina urine, Welcker.—Very small cocci, 12 p 
in diam., united in families of 8 to 64. Observed in the 
bladder. 

Sarcina litoralis, Oersted—Cocci 1:'2—2 p in 
diam., bound together in 4 to 8 families, which, in their 
turn, may unite and include as many as 64 tetrads. 
Plasma colourless ; in each cell 1—-4 sulphur granules. 
Discovered in sea-water containing putrefying matter. 

Sarcina Reitenbachil, Caspary.—Cocci about 1°5 
to 2°5 je in diam., at the time of division lengthened to 
4p. Mostly united together from 4 to 8 in number; 
occasionally 16 or more. Colourless cell-wall, lined with 


* Goodsir, Edinburgh Med. and Surg. Fournal. 1842. 
+ Zopt, Dre Spactprlze. 188s. 
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rose-red layer of plasma. Found on rotting water- 
plants. 

Sarcina hyalina, Kiitzing—Cocci round, 2°5 py, in 
diam., almost colourless. United in families of 4 to 24 
cells, reaching 15 win diam. In marshes. 

Sarcina alba.— Small cocci. They form small 
white colonies on nutrient gelatine. In test-tube culti- 
vations they grow slightly along the needle track, but 
are heaped up on the surface without liquefying the 
gelatine, They are present in the air. 


Genus IV.—Micrococcus. 


SPECIES. 
ASSOCIATED WITH DISEASE :— 
Micrococcus pyogenes aureus 9 
Micrococcus pyogenes albus . . | Byoge ae i ie men 
Micrococcus pyogenes citreus 6 


Micrococcus cereus albus 
Micrococcus cereus flavus 


Micrococcus in scarlatina ‘ 
Micrococcus in measles . 


| Non-pathogenic. 


Micrococcus in whooping-cough 
In mén _. { Micrococcus in heemophilia neona- 
torum. . , 
Micrococcus in typhus : 
Micrococcus in acute yellow 
atrophy ‘ 
Micrococcus in 1 dental caries ; 
Micrococcus in gangrene 
Micrococcus pyogenes tenuis 
Micrococcus in rabies. ; 
Micrococcus of ecu eene 
rabbits 
Micrococcus of pysemia in rabbits . 
Micrococcus of progressive suppu- }Pathogenic, 
ration in rabbits. . : . 
Micrococcus parvus ovatus 
Micrococcus of pysemia in mice 
Micrococcus perniciosus ° : 
Micrococcus bombycis . . . Pathogenic (?). 
Micrococcus insectorum : . 
In plants . Micrococcus amylivorus. : . Pathogenic (?). 


. )Possibly only saprophytic. 


Pathogenic (?). 


In animals . 
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UNASSOCIATED WITH DISEASE :— 


Micrococcus cyaneus 

Micrococcus aurantiacus 
Micrococcus chlorinus . ; ; 
Micrococcus violaceus ; Chromogenic saprophytes. 
Micrococcus luteus. 

Micrococcus rosaceus 

Micrococcus heematodes. 
Micrococcus candidus 

Micrococcus candicans . 
Micrococcus feetidus 

Micrococcus crepusculum 
Micrococcus cinnabareus 
Micrococcus flavus liquefaciens 
Micrococcus flavus tardigradus_. Simple saprophytes. 
Micrococcus versicolor . i 
Micrococcus viticulosus . 
Micrococcus lacteus faviformis 
Micrococcus fulvus 

Micrococcus viscosus -. 
Micrococcus coronatus . 
Micrococcus radiatus 

Micrococcus flavus desidens . 


Micrococcus pyogenes aureus. (Staphylo- 
coccus pyogenes aureus, Rosenbach. Yellow coccus im 
pus.* Coccus of acute infectious osteomyelttzs).—Cocci 
singly, in pairs, very short chains, and irregular 
masses. Cultivated on nutrient agar-agar an orange- 
yellow culture develops, looking like a streak made 
with oil paintt (Plate 1X., Fig. 2). Cultivated in a 
test-tube of nutrient gelatine, the gelatine is rapidly 
liquefied, and the growth subsides as an orange- 
yellow sediment. On potatoes and blood serum a 
similar orange-yellow culture grows luxuriantly. 

The micro-organisms injected into the pleura or 
knee of a rabbit produce, as a rule, a fatal result 
on the following day; but if it survives longer, it 
eventually dies of severe phlegmon. If injected 


* Ogston, Brit. Med. Journ, 1881. 
+ Rosenbach. 
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into the knee of a dog, suppuration occurs, fol- 
lowed by disintegration of the joint. The cocci do 
not cause any septic odour in pus, nor does any 
gas develop. Albumen is converted by their action 
into peptones, 

They occur in the pus of boils and in the 
abscesses of pyzmia, puerperal fever, and acute 
osteomyelitis. Injected into the peritoneal cavity 
of animals, they set up peritonitis, and introduced 
into the jugular vein they produce septicemia and 
death. When a small quantity of a cultivation was 
introduced into the jugular vein after previous 
fracture or contusion of the bones of the leg, the 
animal died in about ten days, and abscesses were 
found in and around the bones, and in some cases 
in the lungs and kidneys. Similar cocci were found 
in the blood and pus of the animals.* 

Micrococcus pyogenes albus (Staphylococcus 
pyogenes albus, Rosenbach). Cocci microscopically 
indistinguishable from the above. In cultivations 
also they resemble the A/zcrococcus pyogenes aureus, 
but the growth consists of opaque white masses. 
They liquefy nutrient gelatine rapidly, and subside 
to the bottom as a white sediment. They are also 
similar to the above-mentioned in their pathogenic 
action. Pure cultivations of the organism were 
obtained from a case of acute suppuration’ of the 
knee-joint. 

Micrococcus pyogenes citreus (Staphylo- 

* Becker, Deutsche Med, Wochenschr. Nov., 1883. 
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coccus pyogenes citreus, Passet).* Cocci singly, in 
pairs, very short chains, and irregular masses. If 
cultivated on nutrient gelatine or nutrient agar-agar, 
a sulphur or lemon-yellow growth develops (Plate 
X., Fig. 3). When inoculated under the skin 
of mice, guinea-pigs, or rabbits, an abscess forms 
after a few days, from which a fresh cultivation of 
the micro-organism can be obtained. They are 
frequently present in pus. 

Micrococcus cereus albus (Staphyloccocus 
cereus albus, Passet).* Cocci, morphologically simi- 
lar to the above, but distinguished by forming on 
nutrient gelatine a white, slightly shining layer, 
like drops of stearine or wax, with somewhat 
thickened, irregular edge. The needle track de- 
velops into a greyish-white, granular thread. In 
plate-cultivations, on the first day, white points are 
observed, which spread themselves out on the sur- 
face to spots of 1—2 mm. When cultivated on 
blood serum a greyish-white, slightly shining streak 
develops, and on potatoes the cocci form a layer which 
is similarly coloured. (Plate IV., Fig. 3, XI. Fig. 3.) 

Micrococcus cereus flavus (Staphylococcus 
cereus flavus, Passet).*—Cocci which also occur in 
pus. If cultivated in nutrient jelly, the growth, which 
is at first white, becomes lemon-yellow, somewhat 
darker in colour than M2crococcus pyogenes citreus. 
Microscopically Micrococcus cereus flavus corresponds 
with Micrococcus cereus albus, and they both form 


* Passet, Fortschritte der Medicin, Jan, 15th and Feb. ist, 1885. 
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zoogloea of medium-sized cocci (diam. 1°16 yz). In- 
oculation experiments with both kinds gave negative 
results. Among the micro-organisms present in pus 
a coccus has been described as occurring occasionally 
which is almost identical with Bacterrzum pneumonia 
croupose@; refer also to Streptococcus pyogenes (p. 225) 
and to Micrococcus pyogenes aureus (p. 246). 


In the following diseases cocct have been described. 
On cultivation they have proved to be in many cases 
zdentical with organisms commonly found in pus, etc. 
Others require further investigation. 


Scarlet fever. — Cocci have been found in the 
blood,* in the scales of the desquamating epidermis,T 
and in the discharges and ulcerated tissue of the throat 
(see p. 232). 

Measles.—Round cocci and diplococci have been 
observed in the catarrhal exudation, in the papules and 
in the capillary vessels of the skin, and in the blood of 
patients attacked with measles.f 

Whooping-cough.—Elliptical cocci are said to be 
constantly present in the expectoration of persons suffer- 
ing from whooping-cough.§ 

Hzmophilia neonatorum, Klebs——A  coccus, 
which has been named Monas hemorrhagicum, is stated 
to be characteristic of this disease. 

Typhus. — Actively motile dumb-bell cocci have 
been described in the blood, and plugs of cocci in the 
lymphatics of the heart, in cases of typhus fever.| 


* Coze and Feltz, Malad. Infect. 1872. 

{ Pohl. Pincus, Centralblatt 7. d. Med. Wess. 1883. 

{ Keating, PAs. Med. Times. 1882. Cornil and Babes, es 
Bactértes. 1885. 

§ Birger, Berl. Klin. Woch, 1883. 

|| Mott, Brzt. Med. Fournal. 1283. 
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Acute yellow atrophy.—Cocci have been observed 
in the vessels of the liver in this disease.* 

Gangrene.—Oval and round cocci are found, which 
form zoogloea in the depth of gangrenous tissues. From 
gangrene of the lung cocci have been isolated, which form 
greyish-white colonies in plate-cultivations of nutrient 
gelatine. In a test-tube of nutrient gelatine a growth 
results chiefly on the surface; the cultivations yield a 
penetrating odour. 

Micrococus pyogenes tenuis, Rosenbach— 
Cocci, which, cultivated on agar-agar, form an opaque 
streak in the track of the needle with a transparent glassy 
growth extending from it. Occasionally found in the pus 
of closed abscesses. 

Rabies.—Cocci have been described in connection 
with hydrophobia, The cocci were observed in sections 
of the spinal chord of rabid dogs. The descriptions given 
by different observers t vary considerably, and it is not yet 
ascertained whether any particular coccus is constantly 
associated with the disease. Nor have the organisms 
observed in stained preparations been cultivated apart 
from the diseased animal, By many, however, hydro- 
phobia is believed to be due to the presence of a micro- 
organism, and researches which are being carried on in 
connection with attenuation of the virus still continue to 
excite the keenest interest{ (p. 198). 


Micrococcus of septicemia in _ rabbits, 
Koch.§—Ellipsoidal cocci ‘8—1 yp in largest diam. 
he disease was produced by the injection of putrid 


* Eppinger, Prager Vierteljahrsschrift. 1875. 
ermann Fol, Académie des Sciences. 1885. Babes, Les 
Fy alae 1886. Dowdeswell, Fourn. Royal Microscop. Soc. 
1886. 

{ Pasteur, Comptes Rendus. 1882. Congres de Copenhague, 
1884. Académie des Sctences, 1885, 1886. Vignal, ‘‘ Report on M. 
Pasteur’s Researches on Rabies and the Treatment of Hydrophobia 
by Preventive Inoculation,’’ Srz¢. Med. Fournal. 1886. 

§ Koch, Wundinfect. Krankheiwt. 1878. 
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meat infusion. After death slight cedema was 
noted at the site of injection, slight extravasation of 
blood, and great enlargement of the spleen. No 
emboli or peritonitis resulted. Masses of cocci 
were found in the capillaries of different organs, 
especially in the glomeruli of the kidneys. Rabbits 
and mice inoculated with blood from the heart 
proved susceptible to the disease. 

Micrococcus of pyzmia in_ rabbits, 
Koch.*—Round cocci and diplococci ‘25 yp in 
diam. The disease was produced by the subcu- 
taneous injection in a rabbit of distilled water in 
which the skin of a mouse had been macerated. 
At the autopsy there were found great infiltration 
around the site of injection, peritonitis, and accu- 
mulations in the liver and lungs; in short, the 
appearances of pyzmia. In the capillaries of the 
organs examined, masses of cocci were observed 
enclosing blood-corpuscles (Fig. 75). Fresh in- 
oculations in rabbits with exudation-fluid, or blood 
from the heart, reproduced the same disease. 

Micrococcus of progressive suppuration in 
rabbits, Koch.*—Cocci only about *15 pw in diam., 
principally in thick zoogloea. The disease was 
induced by the injection into rabbits of decom- 
posing blood. At the place of injection a spread- 
ing abscess formed, which was fatal to the animal in 
about twelve days. No bacteria were observed in 
the blood, but in the walls of the abscess thick 

“ Koch, Wundinfect. Krankhett. 1878. 
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masses of cocci were found. The pus is infectious, 
causing the same disease in healthy rabbits. 
Micrococcus parvus ovatus (Bacillus parvus 
ovatus, Loffler).—Small ovoid cocci, similar to the 
coccus of rabbit septicemia. Cultivated on gelatine 
they develop readily a greyish-white growth at the 
entrance of the inoculating needle. They are 
pathogenic in mice and rabbits. They proved also 
fatal in a pig after two days, producing oedema of the 





Fic. 75.—Micrococcus oF Py£Mia IN RABBITS; VESSEL FROM THE CorTEX 
OF THE Kipney, X 700. (@) Nuclei of the vascular wall; (c) Masses of 
micrococci adh: rent to the wall and enclosing blood-corpuscles. 


skin, inflammation of the mucous membrane of the 
stomach, but no effect on the general intestinal tract 
or mesentery. They were isolated from a pig suffer- 
ing from a fatal disease simulating swine-erysipelas. 


Micrococcus of pyzmia in mice, Klein—Cer- 
tain cocci which were present in pork broth proved fatal 
to mice in about a week, producing purulent inflammation 
and abscess in the lungs. Fresh inoculations in mice 
again produced a fatal result with pyemic symptoms, 

Micrococcus perniciosus (Parrot disease), — 
Cocci, singly, in chains, and in zooglcea have been 
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described in connection with the disease of the grey parrot 
(Psittacus evithacus).® This disease is fatal to about 80 
per cent. of these parrots imported to Europe. They 
suffer from diarrhcea and general weakness ; their feathers 
are ruffled, their wings hang loosely, and their eyelids 
close; convulsions set in, and death follows. At the 
autopsy greyish nodules are found in the lungs, liver, 
spleen, and kidney ; in and around the capillaries of these 
nodules, and in the blood of the heart, the cocci are found 
in great numbers in zooglcea, and more rarely in chains. 
Inflammatory change in the surrounding tissue is absent. 

Micrococcus bombycis, Béchamp (Microzyma bom- 
bycis).—Oval cocci ‘5 p in diam., singly, in pairs, and chains. 
They occur in the contents of the alimentary canal, and 
in the gastric juice of silkworms suffering from “ flacherie” 
(“ Maladie de morts blancs,” “ flacctdezsza,” “ schlafsucht”’). 

Micrococcus insectorum, Burrill.—Obtusely oval 
cells, ‘7—-1 yt long and °55 yw broad, singly, in pairs, 
chains, or zoogleea. They were detected in the digestive 
organs of the chinck-bug (Blissus leucopterus) when 
suffering from a certain contagious disease. 

Micrococcus amylivorus, Burrill—Oval cells, 
I—1°4 pw long, ‘7 pw broad, singly, in pairs, and rarely in 
fours, never in chains, are found embedded in an abundant 
mucilage which is very soluble in water. They have been 
described as producing the so-called “fire blight” of the 
pear tree and other plants. 

Micrococcus cyaneus, Cohn (Bacteridium cyaneum, 
Schroter).—Elliptical cells, growing upon cooked potato, 
and producing a blue colour. In nutrient solutions they 
form zoogloea, at first colourless, then bluish-green, and 
finally intense blue. 

Micrococcus aurantiacus, Schréter.—Coeci, oval, 
I°5 win diam., singly or in pairs, or in zooglea. They 
occur as orange-yellow spots which coalesce into patches. 
A golden-yellow pellicle develops when they are cultivated 


* Wolff, Virchou’s Archiv. 1883. 
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in nutrient liquids, The colouring matter is soluble in water. 
They were observed on boiled potatoes and white of egg. 

Micrococcus chlorinus, Cohn.—Cocci occur in 
the form of a finely granular zooglcea, causing a yellowish- 
green or sap-green layer on boiled eggs and nourishing 
solutions, The colouring matter is soluble in water, and 
is decolorised by acids. 

Micrococcus violaceus, Schréter.— Cocci or 
elliptical cells, described as uniting into violet-blue gela- 
tinous spots, which again unite to form larger patches, 
They were observed on boiled potatoes exposed to the air. 

Micrococcus luteus, Schroter—Cocci similar in 
size to the above, elliptical, with highly refractive cell 
contents. They form yellow drops of 1—3 mm. diam. 
on boiled potato, and a thick, wrinkled, yellow skin on 
nutrient liquids. The colouring matter is insoluble in 
water, and unchanged by sulphuric acid or alkalies. 

Micrococcus rosaceus.-— Cocci forming pink 
colonies, and a rose-coloured growth on the surface of 
nutrient agar-agar. Observed contaminating an old cul- 
tivation (Plate X., Fig. 2). 

Micrococcus heematodes, Zopf.—Cocci, which, 
cultivated on boiled white of egg in a damp chamber in 
the incubator, form a red layer. The reaction of the 
colouring matter is similar to that produced by Micrococcus 
prodigiosus. They have been observed in human sweat, 
especially from the axilla, colouring the surrounding parts 
and the linen an intense brick or blood-red colour.* 

Micrococcus candidus, Cohn.—Cocci forming 
snow-white points and spots, upon slices of cooked potato. 
Possibly identical with the following :-— 

Micrococcus candicans, Fliigge—Cocci which 
collect én masses. In plate-cultivations they form in two 
or three days milk-white colonies. Cultivated in test- 
tubes they form a white nail-shaped cultivation. They 
were isolated from contaminated plate-cultivations, 


* Babes, ‘‘Vom Rothen Schweiss,’’ Biol, Centraéi., Bd. 2. 1882. 
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Micrococcus fcetidus, Rosenbach—Small oval 
cocci. Cultivated in agar-agar they develop gas-bubbles 
and a fcetid odour. Isolated from carious teeth. Possibly 
closely allied to, if not identical with, the following :— 

Micrococcus crepusculum, Cohn (Monus crepus- 
culum, Ehrenberg. Mzkrokokken in faulenden Substraten, 
Flugge).— Round or short oval cells, scarcely 2 y in diam. ; 
singly or in zoogloea. They occur in various infusions 
and putrefying fluids in company with Bacterrum termo. 

Micrococcus cinnabareus, Flugge. — Large 
cocci occurring in twos, threes, and fours. In plate- 
cultivations they grow very slowly, forming punctiform 
colonies, in colour bright red at first, and afterwards 
reddish-brown. In test-tube cultivations they form on 
the surface of the gelatine a heaped-up, red-coloured 
growth. Found contaminating old cultivations. 

Micrococcus flavus liquefaciens, Flugge— 
Cocci, diplococci, and zoogloea. On plate-cultivations they 
form yellowish colonies, and in test-tubes yellowish beads, 
which become confluent and rapidly liquefy the gelatine. 

Micrococcus flavus tardigradus, Flugge— 
Cocci forming chrome-yellow colonies. Cultivated in test- 
tubes they form yellowish beads in the needle track, 
which remain isolated, and do not liquefy the gelatine. 
Isolated from contaminated cultures. 

Micrococcus versicolor, Flugge——Small cocci, 
which form iridescent colonies. In test-tubes they grow 
in the form of yellowish beads, and develop an iridescent 
layer on the surface. 

Micrococcus viticulosus, Flugge.—Oval cocci, 
1'2 win length, and 1 win width. In plate-cultivations 
the colonies differ when embedded in the nutrient medium 
and when growing on the surface. The characteristic 
appearance consists of a delicate network, which is visible 
also in test-tube cultivations in the track of the needle, 
On the surface of the medium they form a viscous layer. 
They were isolated from contaminated cultivations. 
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Micrococcus lacteus faviformis, Bumm and 
Bockart.—Cocci 1'25 yw in diam. Cultivated in gelatine 
they form milk-white confluent colonies, and preparations 
made from the cultivations have a characteristic honeycomb 
appearance. Isolated from vaginal secretions, and from 
sputum. 

Micrococcus fulvus, Cohn.—Cocci round 1°5 p 
in diam, frequently in pairs. They form rusty-red conical 
drops of a firm consistency, and about ‘*5 mm. diam., on 
horse-dung. 

Micrococcus viscosus, Pasteur.—Globular cells 
‘2 p in diam., singly or in chains. These and allied 
forms have been considered to be the cause of mucoid 
fermentation in wine and beer™ (vzx filant, biére malade). 

Micrococcus coronatus (Séreptococcus coronatus, 
Flugge)—-Cocci I mw in diam., singly, in short chains, 
and in zoogloea. In plate-cultivations the colonies have 
a characteristic halo, formed by the liquefaction of the 
gelatine around the colony. Isolated from the air. 

Micrococcus radiatus (Sw#eptococcus radtatus, 
Flugge).—-Cocci less than I p in diam., singly, and in 
short chains, They rapidly form whitish colonies with a 
yellowish-green sheen. They liquefy the gelatine, the 
colonies sinking down, and after one or two days develop- 
ing a circlet of rays. A peculiar ray-like appearance is 
characteristic also of the growth in test-tubes. Isolated 
from contaminated plate-cultivations. 

Micrococcus flavus desidens (Streptococcus 
flavus desidens, Flugge).—Cocci, diplococci, and short 
chains, They form yellowish-white colonies, which 
gradually sink down in the gelatine. In test-tubes they 
form china-white, confluent masses in the tract of the 
needle, and on the surface a yellowish-brown slimy layer. 
Isolated from contaminated plate-cultivations. 


* Pasteur, Liudes sur le Vin; sur la Bure 1866; 1876. 
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Genus V.—Ascococcus. 


SPECIES, 


UNASSOCIATED WITH DISEASE :— 
Ascococcus Billrothii . Zymogenic saprophyte. 


Ascococcus Billrothii.—Small globular cocci, 
united into characteristic colonies. They form on 
the surface of nourishing fluids a cream-like skin, 
divisible into an enormous number of globular or 
oval families. Each family is surrounded by a 
thick capsule of cartilaginous consistency. In a 





Fic. 76.—Ascococcus Bittrotuy [after Cohn]. 


solution containing acid tartrate of ammonia the 
fungi generate butyric acid, and change the origin- 
ally acid fluid into an alkaline one. They were 
first observed on putrid broth, and later* on or- 
dinary nourishing solutions; they also readily 
develop upon damp slices of boiled roots, carrots, 
beetroots, etc. 
17 
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METHODS OF STAINING COCCL 


Cocci stain well with watery solutions of gentian-violet, 
methyl-violet, fuchsine, methylene blue, and bismarck- 
brown. For examining cocci in liquids such as pus or 
blood, or in cultivations in solid media, a little of the 
material should be spread out on a cover-glass (page 65), 
and stained with a drop or two of a watery solution of 
fuchsine or methyl-violet. The former is especially recom- 
mended for staining Merzsmopedta gonorrhec. 

For a zoogloea, or pellicle of micrococci, Klein recom- 
mends transference bodily to a watch-glass containing the 
dye, leaving it there till deeply tinted, then taking it out 
with a needle, washing in water, and then in alcohol till 
excess of colour is removed. It must then be transferred 
to a glass slide, spread well out, and a drop of clove-oil 
placed on it ; after a minute or two the clove-oil is drained 
off,a drop of Canada balsam added, and covered with a 
cover-glass,* 

Cocci in the tissues may be stained by immersing the 
sections in an aqueous solution of gentian-violet, or 
in aniline-gentian-violet solution, then rinsing in water, 
decolorising in alcohol, treating with clove-oil, and pre- 
serving in balsam (p. 76); or, after washing with alcohol, 
they may be rinsed with water, and stained for half an 
hour with Weigert’s picrocarmine. From this they are 
again removed to water, then to alcohol, clove-oil, and 
Canada balsam. 

The method of Gram is much more satisfactory (p. 76, 
Plate If., Figs. 1 and 2). Sections should be examined with 
and without a contrast stain. The a/ter-stain most com- 
monly employed is eosin. The sections after the process 
of decolerisation should be placed in a weak alcoholic 
solution of eosin (two or three drops of a concentrated 
alcoholic solution added to a watch-glassful of alcohol), 
till stained a delicate pink. They are then rinsed in 


* Klein, Micro-organisms and Disease. 1885. 
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fresh alcohol, treated with clove-oil, and preserved in 
Canada balsam. 

Sections containing cocci of osteomyelitis may be a/ter- 
stained with weak solution of vesuvin. Safranine and picro- 
lithium-carmine may also be used as contrast stains (p. 78). 

Nuclear stains, such as carmine, hematoxylin, may also 
be employed. Sections may be left one minute in Gre- 
nacher’s solution, then washed out in weakly acidulated 
alcohol (2—1000) ; and finally treated in the usual way, 
with alcohol, oil of cloves, and balsam. 

Sections containing Micrococcus tetragonus are best 
Stained with Gram’s method and eosin (Plate XXIV., 
Fig. 2), but they may also be treated by the method of 
Friedlander, to demonstrate their capsules (p. 263). 

To stain the cocci of rabdit-septicemia in the tissues, 
place the sections twenty-four hours in Loffler’s solution, 
wash in water faintly acidulated with acetic acid, then treat 
with alcohol, oil of cloves, and balsam. 


Group ]J.—BactTERIACES. 


Genus I. Bactertum——Cocci and rods, or only rods, 
which are joined together to form threads. Spore- 
formation absent or unknown. 

Genus II. Spirilium.—Threads screw-form, made up 
of rods (long or short) only, or of rods and cocci. 
Spore-formation absent or unknown. 

Genus III. Leuconostoc.—Cocci and rods, Spore- 
formation present in cocci. 

Genus IV. Bacillus—Cocci and rods, or rods only, 
forming straight or twisted threads. Spore- 
formation present either in rods or cocci. 

Genus V. Vibrio.—Threads screw-form inelong or 
short links, Spore-formation present. 

Genus VI. Clostridium.—Same as bacillus, but spore- 
formation takes place in characteristically en- 
larged rods. 


260 


BACTERIOLOGY. 


Genus 1£.—Bacterium. 


SPECIES. 


ASSOCIATED WITH DISEASE :— 


In man. 


In animals 


In plants . 


Bacterium pneumonis crovpose . 


Bacterium pseudo-pneumonicum . 


Bacterium Neapolitanum : ‘ 
Bacterium in rhinoscleroma . : 
Bacterium in diphtheria : 


Bacterium saprogencs . ‘ 


Bactcrium decalvans . ‘ ‘ 
Bacterium in diphtheria of calves . 
Bacterium of diphtheria of pigeons 
Bacterium cholere gallinarum 
Bacterium septicum agrigenum . 
Bacterium of septiceemia in rabbits 
Bacterium of Davaine’s septiczemia 
Bacterium septicum sputigenum 
Bacterium crassum sputigenum 
Bacterium pneumonicum agile 
Bacterium oxytocum perniciosum . 
Bacterium cavicida , : ‘ 
Bacterium coli commune : ° 
Bacterium lactis aerogenes. ; 
Panhistophyton ovatum ‘ ‘ 
Bacterium hyacinthi . , ‘ 


UNASSOCIATED witrH DISEASE :-— 


Bacterium synxanthum . 
Bacterium indicum ‘ i 
Bacterium rubrum. : 
Bacterium prodigivsum . 
Bacterium luteum . : ' 
Bacterium violaceum . : 
Bacterium brunneum . 
Bacterium fluorescens putidum 
Bacterium fluorescens ee 
Bacterium ures 

Bacterium aceti . 

Bacterium Pasteurianum ; 
Bacterium liodermos . , 
Bacterium multipediculum . 
Bacterium ramosum Taree 
Bacterium Zopfii . , 
Bacterium merismopedioides . ; 
Bacterium Pfligeri ‘ ‘ 
Bacterium photometricum 
Bacterium litoreum ‘ 
Bacterium fusiforme 
Bacterium navicula é 
Proteus vulgaris. : 
Proteus mirabilis . ‘ ; 


Proteus Zenkeri.. 
Bacterium termo . 
Bacterium lineola . 


Pathogenic (?); possibly 
only saprophytic in man, 
pathogenic in animals. 

Saprophytici in man, patho- 
genic in animals. 


Pathogenic i in man (2). 


. Saprophytic in man (?), 


pathogenic in animals. 
Saprophytic in man, patho- 
genic in animals. 
Saprophytic. 
Pathogenic (?). 
Pathogenic. 
”? 
” 
Bd 
gy 


Pathogenic (?). 
po saprophytes, 


. >Zymogenic saprophytes. 


L saprophytes. 
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Bacterium pneumoniz croupose (Pneumo- 
coccus, Friedlander).—Cocci ellipsoidal and round, 
singly, or in pairs (diplococci), rods and _ thread- 
forms. The cell-membrane thickens, and develops 
into a gelatinous capsule, which is round if the 
coccus is single, and ellipsoidal if the cocci occur in 
pairs or in rod-forms (Fig. 77, Plate I., Fig. 5). 
Cultivated in a test-tube of nutrient gelatine they 
grow along the needle track in the form of a round- 
headed nail (Plate V., Fig. 2), without liquefaction 





Fic. 77.—BACTERIUM PNEUMONIZ CROUPOSA, FROM PLEURAL CAVITY OF 
a Mouse, x 1500, A, B, Thread-forms. C, D, E. Short rod-forms, 
G. Diplococci. H. Cocci. I, Streptococci. [After Zopf.] 


of the gelatine. The cocci when artificially culti- 
vated have no capsule, but it again appears after 
their injection into animals. The cocci can also 
be cultivated on blood serum and on boiled potatoes. 
They occur in pneumonic exudation.* Inaculation 
of dogs with a cultivation of the cocci occasionally 
gave positive results; but in rabbits no results 


* Friedlander, Fortschr. d. Med. 1883. 
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followed. Guinea-pigs proved to be susceptible 
in some cases; but thirty-two mice, after injection 
of a cultivation diffused in sterilised water into the 
lungs, died without exception. The lungs were 
red and solid, and contained the cocci, which were 
also present in the blood, and in enormous numbers 
in the pleural exudation. Inhalation experiments 
by spraying the cocci diffused in water into mouse 
cages succeeded in producing pneumonia and 
pleurisy in three out of ten mice. The nail-shaped 
cultivation is not always produced, nor are these 
conclusions accepted by all investigators.* 


METHODS OF STAINING THE BACTERIA OF PNEUMONIA. 


(Pneumonie-Coccen, Friedlander.) 


Cover-glass preparations (p. 65) of pneumonic sputum 
or exudation may be treated as follows :— 

(a) Stain by the method of Gram, and after-stain with 
eosin (p. 76). 

(6) Treat with acetic acid, then stain with gentian- 
violet or bismarck-brown. Examine in distilled water, or 
dry and preserve in Canada balsam. 

(c) Float them on weak solutions of the aniline dyes 
twenty-four hours; differentiation between coccus and 
capsule is thus obtained. 

(Z) Stain with osmic acid ; the contour of the capsules 
is brought out. 

Sections of pneumonic lung should be stained by— 

(2) Method of Gram. 

(4) Method of Friedlander. This method is employed 
to demonstrate the capsules in tissue sections. It consists 


* Klein, Micro-organisms and Disease. 1885. 
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in placing the sections twenty-four hours in the following 
solution :— 


Fuchsine. : : ; : I 
Distilled water. ; . 100 
Alcohol ; ; : 5 
Glacial acetic acid ; : 2 


They are then rinsed with alcohol, transferred for a couple 
of minutes to a 2 per cent. solution of acetic acid, and in 
the usual way treated with alcohol and oil of cloves, and 
preserved in Canada balsam. 


Bacterium pseudo-pneumonicum (Saczllus 
pseudo-pneumonicus, Passet).—Cocci round, oval, and 
occasionally elongated, similar to the bacterium 
of pneumonia. The oval forms are ‘87 p» in width, 
and 1°16 pinlength. The colonies on plates appear 
in twenty-four hours as white dots; in test-tubes 
the growth develops as a greyish-white layer. 
If injected into the pleura they set up pleuritis, 
and into the abdomen peritonitis, in mice, rats, and 
guinea-pigs. Subcutaneous inoculation produces 
septicemia in mice, and abscesses in rats, guinea- 
pigs, and rabbits. Inhalation experiments gave 
no results. They were isolated from pus. 


Bacteria Neapolitanum (Bacillus Neapolitanus, 
Emmerich).—Short rods with rounded ends. In width 
‘9 pw (Fig. 78). They form circular colonies, which later 
become irregular, granular, strongly refractive, and of a 
yellowish-brown colour. By introducing a large quantity 
into small animals changes were produced in the intestines 
with an analogy to the post-mortem appearances of cholera. 
They are probably identical with bacteria found in healthy 
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feces, They were isolated from some cases of cholera at 
Naples, 


Bacterium of Rhinoscleroma (Bacillus of 
Rhinoscleroma, Cornil and Alvarez *).—Cocci and 


fo dyys 
fay 
aga% 

@ 


Fic, 78.—BacTerium NEAPOLITANUM, x 700. (a) From intestinal contents 
in a case of cholera; (6) From peritoneal fluid of an inoculated guinea- 
pig [after Emmerich]. 





short rods, 1°5—3 p in length, ‘5—8 w thick. 
Deeply coloured points or granules may occur in 
the course of the rods when stained, but it is very 
doubtful whether these can be considered as spores. 
The bacteria are encapsuled, the capsule being round 
when enclosing a coccus, and ovoid when enclosing 


eo a\h 


FiG. 79.—BAcTERIA OF RHINOSCLEROMA, x 1400. Encapsuled cocci, diplo- 
cocci, and short and Jong rod-forms [after Cornil]. 


a rod (Fig. 79). The capsule is composed ofa tough 
resisting substance; two or more capsules may 
unite by fusion, enclosing two or three, or a great 
number of rods. The bacilli were observed in 
sections of a tumour, xhznoscleroma, which develops 


* Cornil and Babes, Zes Bactérizes. 188s. 
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on the lip and on the nasal and pharyngo-laryngeal 
regions. 


METHOD OF STAINING THE BACILLUS OF RHINO- 
SCLEROMA. 
Method of Cornil and Alvarez :— 


Sections are immersed in a solution of methy]-violet (B) 
for twenty-four to forty-eight hours, with or without the 
addition of aniline-water; are then decolorised after treat- 
ment with the solution of iodine in iodide of potassium. 
If the sections are left to decolorise in alcohol for forty- 
eight hours, the capsule is rendered visible. 


Bacterium in diphtheria of man (Aaczllus 
of diphtheria, Liffler).— Rods about the same length 
as the tubercle bacillus, but about twice as thick; 
the longer ones consist of single individuals 
linked together. Spores not observed. They 
were cultivated in a mixture consisting of three 
parts of calf’s or lamb’s blood serum, to which 
was added one part of neutralised veal broth, 
containing 1 per cent. peptone, 1 per cent. grape 
sugar, 14 per cent. common salt. Cultivated in 
5 per cent. gelatine at 20—22° C., the rods 
developed into irregular involution-forms.  In- 
oculation gave doubtful results. The bacillus was 
isolated from diphtheritic membrane.* They were 
particularly noticeable in those typical cases 
characterised by a thick false membrane, extending 
over the fauces, larynx, and trachea. They occupied 


* Loffler, Mitther?. a.d. K. Gesundheitsamte (Microparasttes in 
Disease, New Syd. Society). 
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the deeper layers below the masses of bacteria 
which are found on the surface, such as the 
streptococci already described (p. 231). 


METHOD OF STAINING THE BACTERIA IN DIPHTHERIA. 


Loffter’s Method :-— 

Sections are placed in Loffler’s solution for a few 
minutes, and excess of stain removed by 4 per cent. 
solution of acetic acid. They are then treated with 
alcohol and cedar-oil, and mounted in Canada balsam. 


Bacterium saprogenes (Bacillus saprogenes No. 3, 
Rosenbach).—Rods isolated from the putrid marrow of a 
case of compound fracture. Cultivated on nutrient agar- 
agar, an ash-grey, almost liquid culture is developed, with 
a strong characteristic odour of putrefaction. Injected 
into the knee-joint or abdomen of a rabbit, an opaque, 
yellowish-green infiltration resulted (vide Baczllus sapro- 


&enes, p. 346). 

Bacterium decalvans, Thin.—Cocci, singly or in 
pairs, 1°6 w in length. Observed in the roots of the hair 
in cases of Alopecia areata. 


Bacterium in diphtheria of calves (Baczllus 
vitulorum, Loffler).—Rods about five or six times as 
long as wide, mostly united in long threads. A 
piece of tissue placed on blood serum developed a 
white layer composed of the bacteria. Successive 
generations were not obtainable. Mice inoculated 
directly from the calf died of a characteristic illness, 
and the same long bacteria were again found in the 
inoculated animals accompanying widespread _infil- 
tration, starting from the point of inoculation. In- 
oculation of guinea-pigs and rabbits gave doubtful 
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results. The bacteria were found in the deeper 
stratum of the diphtheritic patches. 

Bacterium of diphtheria of pigeons (Baczl/us 
columbarum, Loffler)—Short rods with rounded 
ends, mostly in irregular masses. In plate-cultiva- 
tions on nutrient gelatine they formed whitish 
patches on the surface, and compact, ball-like 
masses when embedded in the gelatine. They 
were also cultivated on blood serum and potatoes. 
Subcutaneous inoculations in pigeons with a pure 
cultivation produced local inflammation and 
necrosis ; inoculation in the mucous membrane of 
the mouth gave the appearances of the original 
disease. Other animals were only locally affected, 
except mice, in which characteristic symptoms 
and death resulted. They were isolated from 
the diphtheritic exudations in pigeons, and in 
sections were found in the vessels of the lungs 
and liver. 

Bacterium cholere gallinarum (Afcrococcus 
cholere gallinarum, Zopt. Bactertum of Fow!-cholera. 
Microbe du choléra des poutles).—Cocci 2—3 win diam., 
short rods staining deeply at either pole, and longer 
beaded rods (Figs. 80, 81). In the tissues they 
appear mostly as rods 2—3 pin length and 5 p in 
diam., with their extremities stained more deeply 
than their middle* (wade p. 165). When cuitivated 
by introducing a drop of the infected blood into 
sterile chicken broth, a number of round bodies, 


* Cornil and Babes, Zes Bactéries. 
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undergoing rapid movement and as a rule united as 
diplococci, or elongated and contracted in the middle, 
appear in the broth, which is at first slightly milky, 
but becomes limpid, and the microbes at the same 
time pass into a finely granular state. From this, 





bic 80—BacTERIUM OF CHICKEN CHOLERA, BLOOD OF 
INOcULATED HEN, X 1200, 


however, fresh cultures can still be started. Culti- 
vated in a test-tube of nutrient gelatine, after from 
three days to a week there develops along the needle 
track a fine, almost imperceptible, greyish thread 
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Fic. 81,— BACTERIUM oF CHICKEN CHOIERA, FROM MUSCLE JUICE OF 
InrrcteD Hen, X 2500 [from a Photograph] 


without liquefaction of the gelatine (Plate IV., 
Fig. 2). The growth is exceedingly scanty, even 
after several weeks. 

Fowls suffering from the disease usually die very 
rapidly. In the less acute cases they are somnolent, 
weak in their legs, and their wings trail. They 
suffer from diarrhoea, and pass into a state of sopor 
and die. The micro-organisms are found in large 
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numbers in the blood and organs after death, and 
in the intestinal discharges. 

A drop of the broth injected into the connective 
tissue in the region of the pectoral muscles causes 
the death of the fowl the following day, with charac- 
teristic pathological changes.* If a culture be kept 
for some time, and a fowl be then inoculated with 
it, instead of death only local changes are produced, 
and the fowl is protected against the action of a 
virulent culture; thus affording an example of so- 
called mztzgatzon of the virus.t| The microbe is 
zerobic, and its toxic effect has been supposed to be 
due to the abstraction of oxygen from the blood 
producing asphyxia. 


Bacterium septicum agrigenum (Bacillus sep- 
ticus agrigenus, Nicolaier).—Cells morphologically similar 
to the microbe of chicken cholera. The colonies on plate- 
cultivations have a yellowish-brown centre, with a greyish- 
yellow zone. In test-tube cultivations the appearances 
are not characteristic. They are pathogenic in mice and 
in rabbits. The organs show no characteristic post-mortem 
appearances, but the bacteria abound in the blood. They 
were isolated from earth. 


Bacterium of septiczemia in rabbits (Bacillus 
cunicultceda, Koch).—Short rods, slightly pointed at 
both ends ; in width ‘6 p—"7 p, in length 1-4. They 
stain deeply at the ends, leaving an uncoloured 


* Cornil, ‘‘ Observ. Hist. sur les Lésions des Muscles déterminées 
par Vinjection du Microbe du Choléra des Poules” (Archives de 
Phystologie. 1882); Corniland Babes, Zes Bactéries. 1885. 

ft Pasteur, ‘‘ Sur le Choléra des Poules,’’ Comft. Rendus. 1880. 
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interval in the middle (Fig. 82), an appearance which 
must be distinguished from a diplococcus or figure 
of eight. Two or more bacteria may be linked 
together in a chain. They may be cultivated in 
bouillon, blood serum, and nutrient gelatine. In 
plate-cultivations of the latter, they produce dot- 
like colonies, and in test-tubes little spherical 
masses in the needle track, and a layer on the free 
surface. The smallest quantity inoculated subcu- 
taneously or in the cornea of a rabbit produces 
a rise of temperature and laboured breathing after 
1o—12 hours, and death in 16—20 hours. The 
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Fic. 82,—Bacterium or Rassit Sepricemia; BLoop oF SPaRROw, 
X 700 [after Koch]. 


spleen and lymphatic glands are found to be en- 
larged, and the lungs congested, but no extravasa- 
tions, and no peritonitis. In the blood the charac- 
teristic rods abound, and in sections they are found 
in the vessels and capillaries. Mice and birds are 
very susceptible; guinea-pigs and white rats have 
an immunity. The disease was produced by in- 
oculating rabbits with contaminated water (River 
Panke) and with putrid meat infusion. 
Bacterium of Davaine’s septiceemia.—Rods 
similar to the bacteria described by Koch. They 
were also found in the blood of rabbits suffering 
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from septicemia, which, however, differed from 
Koch's septicemia in that guinea-pigs were sus- 
ceptible and pigeons immune. 

Bacterium septicum sputigenum (Aficrode de 
salive, Pasteur. Micrococcus Pasteuri, Sternberg.* 
Bacillus septicus sputigenus, Frinkel).—Cocci oval, 
singly, in pairs, and in chains ; often lanceolate or 
rod-shaped ; encapsuled. They grow well in broth, 
and on agar-agar at 30° to 35°C. On the solid 
media they form a superficial, nearly transparent 
deposit of gelatinous consistence. They are patho- 
genic in rabbits, producing typical “sputum 
septicemia.” Fowls and dogs have an immunity, 
and guinea-pigs are less susceptible than rabbits. 
Mice die within forty-eight hours after being inocu- 
lated. The blood of an infected rabbit just dead 
is more potent than a liquid culture or than saliva 
containing the coccus. An animal which recovers 
after an injection of saliva is stated to be protected 
from the potent virus. The pathogenic power is 
modified by cultivation at a temperature between 
39°5° and 4o'5°. The organism has been supposed 
to be intimately associated with croupous pneu- 
monia, but any exact relation cannot be considered 
as established. The organism differs from the 
Bacterium pneumonia croupose in that it is patho- 
genic in rabbits, it can be directly isolated from 
rusty sputum, and it requires a temperature for 


* Sternberg, Stud. Biol. Lab., ohn Hopkins, Univ. 11, No. 2, 
1882. Fournal Royal Microscop. Society. 1886. 
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its growth at which nutrient gelatine is liquefied. 
The cocci were first observed in the blood of a 
rabbit inoculated with healthy saliva, and again 
found in a rabbit which died after inoculation with 
the saliva of a child suffering from rabies. Later 
they were isolated from the blood of rabbits in- 
oculated with the buccal secretions of different 
individuals, and were found to be constantly present 
in the rusty sputum of pneumonic patients. 

Bacterium crassum sputigenum, Kreibohm. 
—Short thick rods with rounded ends. Colonies 
on plate-cultivations appear as clear grey-white 
points, which ultimately form greyish slimy drops. 
In test-tubes they develop very quickly a nail- 
shaped growth. They are fatal to mice, and after 
death are found in the blood, and in sections, more 
especially in the capillaries of the liver. Rabbits 
die of septicemia after intravenous injection. A 
large quantity of a cultivation injected into the cir- 
culation sets up fatal gastro-enteritis in rabbits and 
dogs in 3—10 hours. They were isolated from 
sputum. 

Bacterium pneumonicum agile (Bacillus 
pneumonicus agilis, Schou.).—Short thick rods, or 
almost elliptical cells, often two to four linked 
together. They form dark granular colonies, 
which*after twenty-four hours commence to liquefy 
the gelatine ; a movement is then visible in the 
centre of the colony, and an appearance of circum- 
ferential rays results. They grow also on blood 
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serum, bouillon, and potatoes. Cultures injected 
through the chest wall, or into the trachea, or ad- 
ministered by inhalation, set up pneumonia. They 
were isolated from pneumonic lungs of rabbit. 


Bacterium oxytocum perniciosum (Bacillus 
oxytocus pernictosus, Wyssokowitsch).—Short rods with 
rounded ends, somewhat shorter and thicker than the 
bacterium of sour milk. They form yellowish colonies, 
and in test-tubes develop a nail-shaped growth. Culti- 
vated in milk they produced curdling, and an acid 
reaction. They were sometimes pathogenic in rabbits. 
Isolated from sour milk. 

Bacterium cavicida (Bacillus cavicida, Brieger).— 
Very small rods, about twice as long as broad. They 
form colonies in the form of whitish concentric rings. 
On potatoes they develop dirty yellow tufts. They are 
very fatal to guinea-pigs. Isolated from human feces. 

Bacterium coli commune, Escherich_—Short 
slightly curved rods, 1°5 pz in length, ‘3——"4 p thick, colonies 
yellowish and granular. They develop a white scum on 
agar-agar and blood serum. Fatal to guinea-pigs and 
rabbits, when inoculated intravenously. Isolated from 
feces of infants fed exclusively on mother’s milk. 

Bacterium lactis aérogenes, Escherich.—Short 
rods with rounded ends, 1'4—2 p long, ‘5 pw wide. Culti- 
vations in gelatine resemble the bacterium of pneumonia. 
They produce fermentation in milk and in solution of 
grape-sugar. Pathogenic effects similar to the above. 
Isolated from the same source. 

Panhistophyton ovatum, Lebert (Nosema bom- 
bycis, Micrococcus ovatus, Corpuscles du ver a sote).—Shining 
oval cocci, 2—3 ys long, 2 uw wide, singly and in pairs, or 
masses ;* or rods, 2°5 p thick, and twice as long.t They 
multiply by subdivision. They were experimentally proved 


* Fligge, Fermente und Mikro-Parasiten. 1883. 
+ Zopf, Dee Spaltpilze. 
18 
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to be the cause of pébrine, gattine, maladie des corpuscles or 
Flecksucht; and were discovered in the organs of diseased 
silkworms, as well as in the pupz, moths, and eggs. 
Bacterium hyacinthi, Wakker —Cells resembling 
Bacterium termo. Observed in the yellow slime of diseased 


hyacinth bulbs. 

Bacterium synxanthum, Ehrenberg (Bactertum 
santhinum. Bacterium of yellow milk).—Cocci *7—I p in 
length, and rod-forms.* They produce a yellow colour 
in boiled milk, which at first becomes acid, and then 
strongly alkaline. They also occur on boiled potatoes, 
carrots, etc., where they form small lemon-yellow masses. 
The colouring matter soluble in water, insoluble in 
ether and alcohol, unchanged by alkalies, decolorised by 
acids. It is similar to yellow aniline colours both spectro- 
scopically and in ordinary reactions. 

Bacterium indicum (Micrococcus indicus, Koch. 
Bacillus indicus, Flugge).—Very short rods with 
rounded ends. In plate-cultivations on nutrient 
agar-agar, the colonies have a scarlet tint. They 
are round, ovoid, or spindle-shaped, and have 
characteristic granular margins (Fig. 83). Grown 
upon nutrient agar-agar in a test-tube, the appear- 
ances are very characteristic. In a pure cultivation 
a brilliant, vermilion-coloured reticulated pellicle 
develops on the surface (Plate VIII., Fig. 1). Inthe 
track of the needle beneath the surface no pigment 
is formed (Plate VII., Fig. 2). Cultivated in nutrient 
gelatine they liquefy the medium, and colour it crim- 
son. The growth, of a darker crimson hue, subsides 
to the bottom of the tube. Upon sterilised potato 
they form a vermilion layer (Plate XVI., Fig. 2). 

* Zopf, Dre Spaltgilze. 
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Bacterium rubrum, Frank.—Minute motile rods, 
singly, in twos, and fours. They were observed on boiled 
rice, where they develop a brick-red pigment. 


Bacterium prodigiosum (Micrococcus prodigt- 
osus, Bacwllus prodigiosus, “ Blood-rain,” “ Bleeding 
host”’).—Very short rods with rounded ends, and 
thread-forms, *5—1 » in width, forming at first 
rose-red, and then blood-red zoogloea. They grow 
luxuriantly when cultivated on sterilised potatoes 
(Plate XIV., Fig. 1), and on the sloping surface of 


® 
q © 


Fic. 83.—BAcTERIUM INDICUM; COLONIES ON NUTRIENT 
AGAR-AGAR, X 60. 









nutrient agar-agar (Plate VIII., Fig. 3). They appear 
occasionally on bread, boiled rice, and starch-paste, 
and more rarely on boiled white of egg and meat. 
Milk sometimes becomes coloured blood-red by the 
growth of this fungus, an appearance formerly 
attributed to a disease of the cow. 

In Paris, in 1843, the fungus was peculiarly 
prevalent, attacking especially the bread prgduced 
in the military bakehouses. 

The cells themselves are colourless. The colour- 
ing matter resembles fuchsine; it is insoluble in 
water, but soluble in alcohol. The addition of 
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acids changes it to a carmine red, and of alkalies 
to a yellow colour. 


Bacterium luteum (Bacillus luteus, Fligge).— 
Short immotile rods. Colonies irregular in form, appear 
brownish under a low power, but macroscopically yellow. 
In test-tube cultivations they form a yellow growth with- 
out liquefying the gelatine. They occur contaminating 
plate-cultivations. 

Bacterium violaceum, Bergonzini—Cells similar 
to Bacterium termo,‘6—1 p thick, 2—3 yp long. They 
occur on white of egg, forming a violet pigment. 

Bacterium brunneum, Schréter—Motile rods, 
producing a brown colour. They were observed on a 
rotting infusion of maize. 

Bacterium fluorescens putidum (Bacillus 
fluorescens putidus, Fligge)—Short rods with rounded 
ends; motile ; spore-formation not known. They form 
small dark colonies with a greenish sheen and penetrating 
odour. In test-tubes they produce a pale-grey turbidity, 
and after three days colour the medium with a greenish 
tinge spreading down from above. On potatoes they 
rapidly develop a brownish layer. They occur on decom- 
posing substances, producing a greenish coloration. 

Bacterium fluorescens liquefaciens (Bacillus 
fluorescens liquefaciens, Flugge).—Short rods with rounded 
ends. Colonies on plates develop an iridescence around 
them. In test-tubes a similar iridescent sheen is produced. 
On potatoes they develop a brownish layer. 


Bacterium urez (Micrococcus uree, Cohn).— 
Cocci, 1°25——-2 p in diam., singly or in chains, and 
rods. The rods split up by division into chains of 
cocci, and the latter are finally set free. The cocci 
increase further by subdivision, and a jelly-like 
membrane develops around them. Masses of cocci 
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exist in the form of irregular or roundish lumps. 
Cultivations, after twenty-four hours, consist exclu- 
sively of rods; after forty-eight hours, of cocci 
chains ; and in fourteen days, of zooglcea ; the cocci 
transplanted into fresh nourishing solution again 
grow into rods. These observations point to the 
existence of a pleomorphic species, Bactertum uree ; 
and the former nomenclature, J/tcrococcus uree, 
must be regarded as untenable. They are zrobic ; 
occurring in urine they set up ammoniacal fermenta- 
tion, converting urea into carbonate of ammonia.* 
Rods, 2 » long and 1 p» wide, have been isolated 
from stale urine (Baczllus uree, Leube), which also 
most energetically cause the ammoniacal fermentation 
of urine. 

Bacterium aceti.—Cocci, short rods, long rods, 
leptothrix-forms, and zoogloea. Cocci and short 
rods may occur in the same thread. The long 
rods and threads may develop irregular swellings, 
so-called involution-forms, which have a thickened 
membrane and a grey colour. The effect of the 
action of this microbe is to oxidise alcohol in wine 
and other fruit juices into vinegar. The masses of 
zoogloea united together form a membranous layer 
which must not be mistaken for the pellicle formed 
by Saccharomyces mycoderma. The latter prepares 
the medium for the action of the Bactertum acett. 

Bacterium Pasteurianum, Hansen.—Morpho- 
logically similar to Bacterium acett, but the cells contain 

* Zoph, Dre Spaltpelse. 1885. 
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a starch-like substance, which is turned blue by iodine. 
They occur in beer-wort. 

Bacterium liodermos (Bacillus liodermos, Fligge. 
Potato bacterium).—Short rods with rounded ends, motile. 
On plate-cultivations the colonies appear as small white 
pellicles floating on liquefied gelatine. In test-tubes the 
gelatine is liquefied, and the growth sinks down in floccu- 
lent masses. They occur on potatoes, forming a smooth 
shining layer, which ultimately becomes crumpled. 

Bacterium multipediculum (Bacillus multipedt- 
culus, Flugge).—Long slender rods. They form peculiar 
insect-like colonies on plate-cultivations. In test-tubes 
the appearance is less characteristic. They occur on 
potatoes, forming a dirty yellow growth. 

Bacterium ramosum liquefaciens (Bacillus 
ramosus liquefactens, Flugge).—Rods, slowly motile. They 
form characteristic colonies on plate-cultivations. The 
colonies gradually sink down, forming a_ well-marked 
funnel with later an appearance of concentric rings. In 
test-tubes the funnel-shaped liquefaction sends off rays 
into the surrounding gelatine. They occur occasionally, 
contaminating cultivations, 


Bacterium Zopfii, Kurth.—Cocci, 1—1°25 pw in 
diameter ; rods and threads. Cultivated in a streak 
on nutrient gelatine spread out on a glass slide, a 
peculiar development takes place. In twenty-four 
hours after inoculation threads have developed ; in 
forty-eight hours windings of the threads are 
observed, and in six days the threads have broken 
up into cocci (Fig. 84). They were observed in 
the intestine of fowls, especially in the contents of 
the vermiform appendix. Inoculation of rabbits was 
followed by negative results. Identical with Baczd/us 
Jigurans (Crookshank). 
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Bacterium merismopedioides, Zopf.—Forms 
threads 1—1°5 » in thickness ; these subdivide into 
long rods, short rods, and finally into cocci. The 
cocci divide first in one and subsequently in two 
directions, forming characteristic groups, which 





Fic. 84.—BactTerium Zoprit. SuccesstveE CHANGES IN THE SAME THREAD, 
X 740: (a) A thread-form, (4) breaking up into rod-forms, (c) into 
cocci [after Kurth]. 


appear like merismopedia. These groups may 
eventually consist of 64 x 64 cells or more, and 
ultimately form zoogloea. The cocci develop again 
into rods and threads. They were observed in water 


containing putrefying substances (River Panke 
Berlin).* 


* Zopf, Die Spaltprlze. 1885. 


280 BACTERIOLOGY. 


Bacterium Pfliigeri, Ludwig.— Large, round 
cocci, mostly in zoogloea, and thread-forms composed of 
rods. They can be cultivated on boiled white of egg 
and potatoes. They were observed to produce phosphor- 
escence in putrid fish and meat. Gelatine not liquefied. 

Bacterium photometricum, Engelmann.—Cells 
slightly reddish in colour, motile. The movements are 
stated to depend on light. 

Bacterium litoreum, Warming.—Cells ellipsoidal, 
2—6 p long, 1°2—2'4 p wide, occur singly in sea-water, 
never as chains or zooglcea. 

Bacterium fusiforme, Warming.—Cells spindle- 
shaped, with pointed ends, 2°5 p long and -5—°8 p thick. 
Observed as a spongy layer on the surface of sea-water. 

Bacterium navicula, Reinke and Berthold.— 
Cells spindle-form or ellipsoidal, including motile and 
non-motile forms, They have one or more dark spots, 
which may be coloured blue by iodine. They have been 
observed in rotting potatoes. 


Proteus vulgaris.—This and the two following 
species have been isolated* from putrefying meat 
infusion, and are stated to be intimately connected 
with the process of putrefaction. In the history 
of their development coccoid, bacterioid, spindle- 
form, spirulinar, and involution forms have been 
described. In Proteus vulgaris the bacteria vary in 
size; some measure 4 p in length, and are almost 
as broad as long, and others vary from ‘94—1'25 pu 
long and ‘42—°63 4 wide. They are actively motile, 
and cultivated on nutrient gelatine they convert it 
into a turbid, greyish-white liquid. If cultivated in 
a capsule containing 5 per cent. of nutrient gelatine, 


a few hours after inoculation the most characteristic 
* Hauser, Ueber Faulniss-Bacterten. 1885. 
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movements of the individual bacilli are observed 
on the surface of the nutrient gelatine, although at 
this early stage no superficial liquefaction can be 
detected. Probably the movements depend upon 
the existence of a thin liquid layer, as they are not 
observed if the nutrient medium contains 10 per 
cent. of gelatine. 

Proteus mirabilis.—Cocci ‘4 w—'9 p. They 
occur singly and in zoogloea, and sometimes in 
tetrads, pairs, chains, or as short rods in twos 
resembling Bacterium termo, in fact, in all con- 
ceivable transition forms. Cultivated on nutrient 
gelatine they form a thick, whitish layer in con- 
centric circles, which in time liquefies the medium. 
Similar movements are observed in capsule-cultiva- 
tions as in Proteus vulgaris. 

Proteus Zenkeri.—Cocci, ‘4 m in twos like 
Bacterium termo, and short rods 1°65 w long. Cul- 
tivated on nutrient gelatine no liquefaction results, 
but a thick, whitish-grey layer is formed. The 
bacilli are motile, and the same phenomena are 
observed on the solid medium as in the other forms. 
In cover-glass impressions most varied groupings 
of the bacilli are seen, and also developmental and 
involution-forms. 


The two following forms ave only provistqnally re- 
garded as distinct species. They ave both probably 
phase-forms of protean spectes. 


Bacterium termo, Dujardin.—Short cylindrical 
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or oblong cells, 1°5 ws long, 57 broad, generally occur- 
ring as dumb-bells. The cells have dark contents, invested 
by a thick membrane, and are provided with flagella, to 
which the characteristic movements are due (Plate I, 
Fig. 8). They are associated with putrefaction, invariably 
appearing in decomposing albuminous substances and 
liquids. A growth can be readily started by placing a 
piece of meat in water in a warm place. Cultivated in 
broth, they produce a turbidity, and on sterilised potatoes 
a slimy grey layer. 

Bacterium lineola.—Cells 3:8 p—5s‘2 p long, 
1°S pw wide. They occur singly or in pairs, occasionally 
in zoogloea, but never in chains, The cells are provided 
with flagella, and contain strongly refringent contents. 
They resemble Bactertum tcrmo in form and in movement, 
but are considerably larger. They occur in well water 
and stagnant water, and form slimy heaps on rotting 
potatoes, and zoogloea and pellicles on various infusions. 
Cultivated on nutrient agar-agar they form a semi-trans- 
parent growth (Plate X., Fig. 1). 


Genus [I.—Spirillum. 


SPECIES, 
ASSOCIATED WITH DISEASE :— 
Spirillum Obermeieri . Pathogenic. 
Pathogenic in man (?), pos- 
I Spirillum choleree Asiatice .{ sibly only saprophytic. Pa- 
li thogenic in animals, 
ese : . Saprophytic in man. Patho- 
Spirillum Finkleri . : ‘{. genic in animals, 
: Spirillum sputigenum_ yj. .fSaprophytic. Pathogenic in 
In animals . Spirillum tyrogenum , : animals. 


UNASSOCIATED WITH DISEASE :— 


Spirillum rubrum. ‘ . Chromogenic saprophyte. 

e >pirillum plicatile ; 
Spirillum serpens 
Spirillum tenue 

+ Spirillum undula 
Spirillum volutans . 
Spirillum Rosenbergii 
Spirillum attenuatum 
Spirillum leucomelaneum 


Simple saprophytes. 
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Spirillum Obermeieri (Spirvochete Obermeieri, 
Cohn. Spirtllum of Relapsing Fever).—Threads 
similar to the Spiril/um plicatile. In length mostly 
16—40 mw, with screw-curves regular (Plate I., Fig. 
19). They move very rapidly, and exhibit peculiar 
wave-like undulations. They have been observed 
in the blood of patients suffering from relapsing 
fever,* but never in the secretions. They only occur 
during the relapses, and are absent during the non- 
febrile intervals. Their number is variable, but 
usually is strikingly great. Outside the body, in 
blood serum and 50 per cent. salt solution, the 
threads preserve their movements. From analogy 
to the Spirillum plicatile it is presumed that these 
threads are composed of articulated rods and cocci. 
Monkeys have been inoculated with success from 
man,t but inoculations of mice, rabbits, sheep, and 
pigs give negative results. 

The spirilla were found in the blood of the in- 
oculated monkeys in great numbers, and also in the 
brain, lung, liver, kidney, spleen, and skin ; and are 
believed to be the cause of the disease. 


METHODS OF STAINING THE SPIRILLUM OBERMEIERI. 


In cover-glass preparations of blood the spirilla stain 
strongly with fuchsine, methyl-violet, gentian-violet, or 
bismarck-brown. 

In sections, brown aniline stains have been recommended, 


* Obermeier, Med. Centralb. 1873. . 
+ Carter, Zancet. 1879 and 1880. Koch, Cohn’s Bestrage. 
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Spirillum cholerz Asiaticz (Comma-bacillus, 
Koch).—Curved rods, spirilla, and threads (Plate I., 
Fig. 18). The curved rods or commas are about 
half the length of a tubercle-bacillus. They occur 
isolated, or attached to each other, forming S-shaped 
organisms or longer screw-forms; the latter resem- 
bling the spirilla of relapsing fever. Finally they 
may develop into spirilliform threads. In old cul- 
tivations threads are found with bulgings or irregu- 
larities, which are called involution-forms (Plate I., 
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Fic. 85 —CovEeR-GLASS PRFPARATION OF THE EpGe oF A Drop or Meat 
INFUSION, containing a pure cultivation of comma-bacilli, with (@) spirilli- 
form threads, X 600 [after Koch]. 


Fig. 35). The commas are actively motile ; their 
movements and development into spirilla may be 
studied in drop-cultivations (Fig. 85). In plate- 
cultivations, at a temperature of from 16°—20° C., 
the colonies develop as little specks (Fig. 86), which 
begin to be visible after about twenty-four hours. 
Examined with a low-power, and a small diaphragm, 
these colonies have the following characteristics. 
They appear as little masses, granular, and of a 
very faintly yellowish-red tinge, which have liquefied 


* Compare also Van Ermengem, Recherches sur le Microbe du 
Chol. Astat. 1885. 
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the gelatine, and sunk down to the bottom of the 
resulting excavations (Fig. 87). 

In test-tubes of slightly alkaline nutrient gelatine 
(10 per cent.), the appearance of the growth 





Fic. 86.—CoLoNIES OF COMMA-BACILLI ON NUTRIENT GELATINE, 
Natura Size [after Koch]. 


is very striking. It commences to be visible in 
about twenty-four hours. Liquefaction sets in very 
slowly, commencing at the top of the needle 
track around an enclosed bubble of air, and form- 
ing a funnel continuous with the lower part of the 


co 


Fic. §7.—Co.Lonies oF Kocn’s CoMMA-BACILLI, X60; from a nutrient-gelatine 
plate-cultivation. 


growth (Plate. IV., Fig. 1); the latter preserves 
for several days its resemblance to a white 
thread (Figs. 93 and 94).* In about eight days, 
however, liquefaction takes place along the whole 
of the needle track. 

On a sloping surface of agar-agar the cultivation 


* From Remarks on Comma-bacillus of Koch. Lancet. 1885. 
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develaps as a white, semi-transparent layer, with well- 
defined margin. In potato-cultivations the microbe 
will only grow at the temperature of the blood 
(37° C.), forming a slightly brown, transparent layer. 
Inoculation of a cultivation of the bacillus in the 
duodenum of guinea-pigs, with* and without + 
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Fig. 88. Fig. 89. 
Fic, 88.—Cover-GLass PREPARATION FROM, THE CONTENTS OF A CHOLERA 
INTESTINE, X 600. (a) .Remains of the epithelial cells; (6) Comma- 
bacillus; (¢) Group of comma-bacill: | after Koch]. 
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Fic. 89.—-CovER-GLASS PREPARATION OF CHOLERA Dejecta 1N Damp LINEN 
(two days old), X 600. Great proliferation of the bacilli with spurilla (a) 


[after Koch]. 


| 
ligation of the bile-duct, has given positive results. 
More recently these results have been confirmed 


by the following method:—Five ccm. of a 5 per 


" Nicati et Rietsch, Com. @ 1’ Académte de Medecine. 1884. 
+ Van Ermengem, Le AMtcrobe du Choléra Asiatique. 1885. 
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cent. solution of potash were injected into the 
stomach of a guinea-pig, and twenty minutes after 
To ccm. of a cultivation of comma-bacilli diffused 
in broth were similarly introduced. Simultaneously 
with the latter, an injection of tincture of opium 
was made into the abdominal cavity, in the propor- 





Fic. 90.—SEcTION OF THE Mucous MEMBRANE OF A CHOLERA INTESTINE, 
x 600, A tubular gland (a) is divided transversely ; 1n its interior (0) 

1 z¢ and between the epithelium and the basement membrane (c) are 
numerous comma-bacill [after Koch]. 


tion of 1 ccm. for every 200 grammes’ weight of 
the animal. Those who have had success with 
inoculation experiments maintain that choleraic 
symptoms were produced without any trace of 
peritonitis or putrid infection, and that the comma- 
bacilli of Koch were again found in the intestinal 
contents, and fresh cultivations established. 

On the other hand, these results have been 
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disputed, the fatal effects of the inoculation attri- 
buted to septiczemic poisoning, and the proliferation 
of the bacilli considered to be dependent upon an 
abnormal condition of the intestines induced by the 
injection of tincture of opium.* It is, however, very 





Fig. 91 Fig 92 Fig 93 big 94 
PurF CULTIvVaATIONS IN NUTRIENT GFLATINE 
Vig. 91 Finklers bacillus, twenty-four hours old 


Fig. 92 - ‘i two days old 
Fig 93 Kochs cholera-bacillus, twenty-four hours old 
Fig. 94 ‘i 7" i two days old 


probable that these organisms, like several others 
which have been isolated from intestinal discharges, 
are truly pathogenic in the lower animals. The 
comma-kacilli were found in the superficial necrosed 


* Klein, Brzt. Med Fournal, and Mz 0-organisms and Disease. 
1885. Lankester, Vature, xxx1.; Wineteenth Century. July, 1885. 
Klein and Gibbes, ‘‘An Inquiry into the Etiology of Asiatic 
Cholera.’’ Bluebook, 1885 


SYSTEMATIC AND DESCRIPTIVE. 289 


layer of the intestine, in the mucous flakes and 
liquid contents of the intestinal canal of cases of 
Asiatic cholera* (Figs. 88, 90). It is stated that 
they were also detected in a 
tank which contained the water \ 3 ( 
supply to a _ neighbourhood 


s 
e Vi vt ~ r 0 
where cholera cases occurred : ; [' cz pl 


but comma-shaped organisms t/ ¢ w) 


are commonly present in Ve 


° Fic, 95.— Comma -SHAPTD 
sewage - contaminated water ORGANISMS WITH OTHER 


(Fig. 95). The comma-bacilli GAcameame Woce, 
are zrobic, and their develop- * ‘> 

ment is arrested by deprivation of oxygen. They 
are destroyed by drying and the presence of various 
antiseptic substances. They are distinguished from 
all other comma-shaped organisms by the test of 


cultivation. The entirely different results obtained 


* At a meeting of the Physiological Society, May 15th, 1886, at 
Cambridge, a preliminary communication was made upon the investi- 
gations in Spain referred to in the first edition of this work. The 
observations made by Roy, Brown, and Sherrington rather tend, in 
the opinion of the author, to confirm Koch’s views. Comma-bacilli 
were found to be present, in some cases, in enormous numbers, and 
the frequency of their occurrence led these observers to believe that 
they must bear some relation to the disease. At the same time, 
as they failed to find them in all cases, they regarded the existence 
of a causal relation as not proven. They failed to find the Naples 
bacterium or the small straight bacillus noted by Klein; but they 
drew attention to certain peculiar mycelium-like threads in the 
mucous membrane of the intestines. These organisms, however, 
judging from a preparation stained with methylene-blue Which was 
exhibited at the meeting, appeared to the author to much more 
closely resemble some of the involution-forms of the comma-bacillus, 
filaments a masses globuleuses, figured by Van Ermengen, than 
anything else he had seen. Yet assuming these peculiar structures 
to belong as described to some species of Chytridiacez, it is very 


1g 
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in the case of the comma-bacilli of cholera nostras 
(Figs. 91 to 94), renders a thorough acquaintance 
with these bacilli of the greatest importance as an 
aid in diagnosis. 


METHODS OF STAINING THE COMMA-BACILLI 
OF KOCH. 


In cover-glass preparations they may be well stained in 
the ordinary way with an aqueous solution of methyl-violet 
or fuchsine, or by the rapid method, without passing through 
the flame (p. 67, Babes’ method). 


Nicati and Ruetsch’s method.* 

A small quantity of the stools or of the scraping of the 
intestinal mucous membrane is spread out on a glass 
slide and dried, then steeped during some seconds 
in sublimate solution or in osmic acid (I—100). It 
is then stained by immersion in fuchsine-aniline 
solution (1 or 2 grammes of Bale fuchsine dissolved 
in a saturated aqueous solution of aniline), washed, 
dried, and mounted in Canada balsam. 

In sections of the intestine their presence may be 


demonstrated by 


(a) Koch's method.t 
Sections of the intestine, which must be well hardened 


doubtful whether they can be considered to have any significance. 
Methylene-blue has been employed by Koch and others, including 
the author, for staining sections of the intestine from cholera cases, 
and had they been constantly present it is hardly possible that such” 
Striking objects could have been overlooked. Again, we must bear 
in mind that hyphomycetous fungi occasionally have been found to 
occur saprophytically in the intestinal canal as well as in the lungs, 
external auditory meatus, and elsewhere. We must wait, before 
expressing a more definite opinion, until che report of these observers 


is published in full. 


* Brit. Med. Fournal, Sept., 1885. 
+ Berliner Klinische Woch., No. 31. 
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in absolute alcohol, are left for twenty-four hours in 
a strong watery solution of methylene-blue, or for a 
shorter time if the colour solution is warmed. Then 
treated in the usual way. 


(6) Babes’ method* 

Sections, preferably from a recent case of cholera, and 
made as soon as possible after death, are left for 
twenty-four hours in a watery solution of fuchsine 
(fabrique de Bale), then washed in distilled water 
faintly acidulated with acetic acid, or in sublimate 
solution (I—1000), passed rapidly through alcohol 
and oil of cloves, dried with filter paper, and pre- 
served in Canada balsam. 


Spirillum Finkler-Prior (Comma-bacitlus in 
Cholera nostras)—Curved rods thicker than the 
comma-bacillus of Koch, and spirilla. The colonies 
on plate-cultivations (Plates XII and XIII.) are 
very much larger than those of the comma-bacillus 
of Koch of the same age. They have the faintest 
yellowish-brown tinge, a well-defined border, and 
a distinctly granular appearance. They liquefy 
nutrient gelatine very rapidly, so that the first 
plate of a series is, as a rule, completely liquefied 
on the day following inoculation, and the second 
plate in two or three days more. In a test-tube 
cultivation in nutrient gelatine the appearances 
are especially characteristic; the gelatine is very 
rapidly liquefied along the whole track of the 
needle, so that the cultivation resembles a conical 
sack, or the finger of a glove turned inside out 


* Cornil and Babes, Les Bactéries, p. 458. 1885. 
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(Figs. 96 and 97). Ona sloping surface of nutrient 
agar-agar a white moist layer forms very quickly. 
On potatoes they grow 
at the ordinary tem- 
perature of the air, 
producing a brownish 
layer and_ corrosion 
of the surface of the 
potato. They were 
discovered in the 
evacuations of cases 
of cholera nostras, and 
were claimed at first 
to be identical with 
the comma-bacillus of 
Koch. By the test 
of cultivation they are 
now ascertained to be 
distinct. They also 
have been shown to 
Pure CULTIVATIONS OF THE SPIRILLUM be P athogenic." 
FINKLER-PRIOR IN NutRIENT GELATINE, S piri llum s pu- 
Fig 96. In twentyfourbour,  tigenum, Lewis— 
Curved rods very 
similar to the comma-bacilli of Koch. Many 
have éailed with repeated attempts to cultivate 
these bacilli, and, therefore, maintain that they 
are quite distinct biologically from the spirilla 





Fig. 96. Fig. 97. 


* Finkler and Prior, Z7ganzungshefte zum Centralblatt fur 
Aligememe Gesundhettspjlege, Erster Band. 1885. 
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associated with Asiatic cholera. Klein asserts 
that they can be cultivated in an acid nutrient 
gelatine, and that they are identical with Koch's 
comma-bacilliin their mode of growth. This has not 





Fic. ¢8.—SPrrRILLUM SPUTIGENUM. Occurring ,with spirocheta denticola, 
leptothrix-filaments, micrococci, and bacteria in a scraping from a carious 
tooth, X 1200. 


been confirmed. They occur with other bacteria in 
saliva, and in scrapings from carious teeth (Fig. 98). 

Spirillum tyrogenum, Deneke.—Curved rods, 
slightly smaller than Koch’s comma-bacilli, with 
a great tendency to form long spirillar threads 


ea: 
LN 


Fic. 99.—SPiIRILLUM TYROGENUM. From a cultivation in nutrient 
gelatine, X 1200. 


(Fig. 99). The colonies on plate-cultivations are 
sharply defined, and of a greenish-brown colour 
After a time they liquefy the gelatine, but the 
liquefaction is much more marked than ir colonies 
of Koch’s commas of the same age, though not so 
rapid as in the case of the commas of cholera 
nostvas. In test-tubes of nutrient gelatine a turbid 
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liquefaction occurs along the needle track, and on 
the surface of nutrient agar-agar a yellowish-white 
layer develops. Inoculation of potatoes gives no 
result. Administration of the bacilli by the mouth, 
in the manner employed for testing the pathogenic 
effect of Koch’s bacilli, produced a fatal result in 
a few cases; on the other hand, injection into the 
duodenum failed entirely. The pathogenic proper- 
ties may be, therefore, considered as not yet 
established. They were isolated from old cheese. 
Spirillum rubrum, Esmarck.—Curved rods, 
spirilla, and spirochete. They are actively motile. 


Fig 100 —SPirRILLUM PLICATILE (Marsh-spirochete), From sewage- 
contaminated water, X 1200 


The growth on artificial nutrient media is extremely 
slow. In test-tube cultivations they grow along the 
track of the needle, forming a filament of a wine- 
red colour, and without causing liquefaction. The 
growth on the surface of the gelatine is colourless. 
In broth-cultivations long spirillar threads are 
formed. They were isolated from the putrid tissues 
of a mouse. 

Spirifilum plicatile, Ehrenberg (Marsh-sfero- 
chete)—Thin threads, 2°25 pw in breadth, with 
numerous narrow windings, 110—125 yu long, occur- 
ring also in spirulinar forms. The threads have 
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primary and secondary windings ; the former are 
in each example of equal size, but the latter are often 
irregular ; their ends are cut off bluntly, and they 
exhibit rapid movement. They occur abundantly 
in marsh-water in summer, and can be obtained 
by allowing alge to decompose in water (Fig. 100). 
On cultivation the threads break up into long rods, 
short rods, and finally cocci. This change is ren- 
dered visible by making cover-glass preparations, 
and staining with aniline dyes. 





FIG. 101. —SPIRILLUM UNDULA, X 1500, 


Lhe following may be provisionally described as distinct species, 
though they are probably the spiral phase-forms of protean species. 


Spirillum serpens, Miller ( Vzbr20 serpens).—Threads 11— 28 
p long, *8—1°1 p» thick, with three or four windings They are 
actively motile, often united into chains, or forming swarms, and 
are abundant in stagnant liquids. 

Spirillum tenue.—Very thin threads, with at least 1}, usually 
2—s spirals. Height of a single screw is 2—3 p, and the length of 
spiral, therefore, 4—15 p. They are very swiftly motile, and often 
occur in felted dense swarms in vegetable infusions. 

Spirillum undula.—Threads 1-1—1°4 p thick, g—12 pw long; 
spirals 4'5 » high ; each thread has 1$—-3 spirals. They are actively 
motile, and possess at each end a flagellum. They occur in various 
infusions (Fig. 101), 

Spirillum volutans, Ehrenberg. — Threads 1°5—2Z yp thick, 
25—30 » long ; tapering towards their extremities, which are rounded 
off. They possess dark granular contents. Each thread has 24—33 
windings or spirals, whose height is 9-13 ». They have a flagellum 
at each end, and are sometimes motile, sometimes not. They are 
found in various infusions and water of marshes. 
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Spirillum Rosenbergii.—Threads with 1—1} windings; 4—12 
# long; 1°5—2°6 p thick. They are colourless, but the contents 
include strongly refractive sulphur granules. Also spirals 6—y'5 p 
in height, which are actively motile, are found in brackish water. 

Spirillum attenuatum, Warming.—Threads much attenuated 
at the ends, which consist usually of three spirals. The middle spiral 
is about 11 » high, and 6 » in diameter ; and the end ones 10 » high, 
and 2 in diameter. They are found in brackish water. 

Spirillum leucomelaneum, Koch.—A rare form observed in 
water covering rotting algz. Dark and glass-like spaces alternate 
in the spirillum, resulting from a regular arrangement of the dark 
granular contents. 


Genus L1l.—Leuconostoc. 


SPECIES. 


UNASSOCIATED WITH DISEASE :— 
Leuconostoc mesenteroides . . Zymogenic saprophyte. 


Leuconostoc mesenteroides, Cienkowski 
(Gomme de sucrerie, Froschlaichpilz, Frogspawn 
Jungus).—Cells singly, in chains, and in zooglcea, 
surrounded by a thick gelatinous envelope (Fig. 
102). The life-history has been very thoroughly 
investigated.* The spores, 1°8—2 mw in diameter, 
are of a round or ellipsoidal form, with thick mem- 
brane and shining contents. The outer membrane- 
layer bursts, and a middle lamella oozes out, and 
forms a thick gelatinous envelope, while the inner 
layer remains adherent to the plasma. Thus the 
spore-germination leads to the formation of a 


* Cienkowski, Dze Gallertbildungen d. Zuckerrubensaftes, 1878 ; 
and Van Tieghem, ‘Sur la Gomme de sucrerie,” Ann, Sc. Nat?. 


1879. 
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coccus with a gelatinous envelope. The coccus 
then elongates into a short rod-form, and the 
gelatinous envelope becomes ellipsoidal. The rod 
divides into two cocci, and each of these lengthens 
into a rod and divides. By repetition of this process 





F1G. 102,— LEUCONOSTOC MESENTEROIDES, 


1. Spores. 2. Spores after germination, showing gelatinous envelope. 
3, 4, 5, 6 Increase by division. 7. Glomerular form of zooglcea. 
8. Section of an old mass of zooglcea. 9. Cocci chains with arthro- 
spores [after Tieghem and Cienkowski]. 


a chain of cocci results, encased in a cylindrical 
or ellipsoidal envelope. The chains increase in 
length, become twisted up, and eventially fall 
apart into pieces of various lengths. In nourish- 
ing liquids a great number of little masses are 
formed, which adhere together, and produce 
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pseudo - parenchymatous structures. These latter 
may join together, forming still larger agglomera- 
tions. The masses of zoogloea are of almost a 
cartilaginous consistency, and admit of sections 
being made with a razor. After a long time the 
envelope liquefies, and the cocci are set free; the 
latter introduced into fresh nourishing media de- 
velop new colonies. In the chains some of the 
cocci become enlarged without changing their 
form. These acquire the properties of spores, 
and are called arthrospores (p. 161). 

This micro-organism occurs. occasionally in 
beet-root juice and the molasses of sugar-makers, 
forming large gelatinous masses resembling frog- 
spawn. The vegetation is so rapid, that forty-nine 
hectolitres of molasses, containing 10 per cent. of 
sugar, were converted within twelve hours into a 
gelatinous mass; corisequently, it is a formidable 
enemy of the sugar manufacturers, 
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Genus IV.—Bacillus. 


SPECIES. 
ASSOCIATED WITH DISEASE :— 
Bacillus lepre . . , . Pathogenic. 
Bacillus in syphilis. ; . Pathogenic (?); possibly 
only saprophytic. 
Bacillus typhosus 


’ . ” ” 
Bacillus malarie . , . Pathogenic in animals, 
Bacillus of choleraic diarrhea 
from meat-poisoning ; . Pathogenic. 


In man .( Bacillus pyrogenes fcetidus . . Saprophytic in man, patho- 
genic in animals. 
Bacillus in septicemia inman . Saprophytic. 
Bacillus in gangrenous aePy 


ceemia * . ° ” 
Bacillus tuberculosis ; j . Pathogenic. 
Bacillus anthracis ‘ : ’ i 
Bacillus mallei_. : ; : ‘i 
Bacillus malignant cedema . : ‘i 
In animals{ Bacillus of septicemia of mice . 3 
Bacillus of ulcerative stomatitis 
in the calf ; ; , ‘i 
Bacillus in swine-typhoid ‘ ; - 
Bacillus of swine-erysipelas ; ‘i 
Bacillus in tetanus. . ; - 
Bacillus alvei : ‘ ‘ : ‘i 


UNASSOCIATED WITH DISEASE :— 
Bacillus pyocyaneus . ; ; 
Bacillus ianthinus . ; . }Chromogenic saprophytes. 
Bacillus cyanogenus . ‘ ‘ 
Bacillus Fitzianus | | _f 29moBenic saprophytes. 
Bacillus subtilis . 
Bacillus ulna 
Bacillus tumescens 
Bacillus megaterium 
Bacillus figurans . 
Bacillus mycoides 
Bacillus tremulus, 
Bacillus of jequirity  . 
Bacillus caucasicus 
Bacillus dysodes . ; . 
Bacillus Hansenii , , . \Simple saprophytes. 
Bacillus erythrosporus ‘ 
Bacillus septicus . 
Bacillus saprogenes . 
Bacillus foetidus . ‘ : , 
Bacillus putrificus coli 
Bacillus coprogenes foctidus 
Bacillus aerophilus 
Bacillus mesentericus fuscus 
Bacillus mesentericus vulgatus 
Bacillus phosphorescens 


Bacillus leprae, Hansen —Fine slender rods, 
4—6 p long, and less than 1 yw wide, occasionally 
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pointed at both ends, some clearly motile, and others 
not. In tissue sections they have a beaded appear- 
ance (Fig. 103). | Spore-formation has been de- 
scribed. They have been cultivated artificially on 
blood serum and glycerine-agar-agar. Inoculation 
experiments on monkeys and other animals have 
failed to produce the disease; though in cats and 
rabbits there have been indications of success.* 
The bacilli occur in enormous numbers in tubercular 
leprosy in the nodules of the skin (Plate XX., 


ea 


Fic. 130,—LEprosy BaAcILLI FROM A SECTION OF SKIN, X 1200. 


Figs. 1 and 2), and of the mucous membrane of 
the mouth, palate, larynx, etc.t They occur also 
in the liver, spleen, testicles, lymphatic glands, and 
kidneys (Plate III., Fig. 2); and in the interstitial 
tissue of the nerves in anzsthetic leprosy. They 
probably spread by the lymphatics, and are not 
found in the blood. In their behaviour to staining 
reactions they are similar to the bacillus of tubercle, 
except that they stain much more readily. 


METHODS OF STAINING THE BACILLUS OF LEPROSY. 


Cover-glass preparations may be made in the ordinary 
way, or by a special method, which consists in clamping a 


* Damsch, Virchow's Archiv, Bd. 92, Heft 1. 
+ Thin, Med. Chir. Trans. Lond., 1883; Brit. Med. Fournai, 
No. 129, 1884, and Steven, Brzt. Med. Fournal, No. 1281, 1885. 


PLATE 
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nodule with a pile-clamp, until a state of anzmia of the 
tissue is produced. On pricking with a needle or sharp 
knife a drop of clear fluid exudes, from which cover-glass 
preparations may be made.*  Cover-glass preparations 
and sections may be stained by Ehrlich’s method (p. 78), 
or with Neelsen’s solution and decolorising with dilute 
sulphuric acid, or sections by the following process :— 

Method of Babes.t —Preparations are stained in a solution 
of rosaniline hydrochlorate in aniline-water. Decolorise 
in 33 per cent. hydrochloric acid, and after-stain with 
methylene-blue. 

Bacillus in syphilis, Lustgarten.t—Rods re- 
sembling the bacilli of leprosy and tuberculosis, 3—4 pu 
long, ‘8 yw thick. Two or more colourless, ovoid points 
in the course of the rod are visible with a high power ; 
it is thought that they are possibly spores. The bacilli 
are always found in the interior of nucleated cells which 
are more than double the size of leucocytes. They have 
been observed in the discharge of the primary lesion, and 
in hereditary affections of tertiary gummata. Some 
observers state that an identical bacillus is found in 
normal secretions,§ and others || have described a bacillus 
associated with specific lesions, which is stated to differ 
from the above in its behaviour towards staining reagents. 


METHOD OF STAINING THE BACILLUS OF SYPHILIS. 


Method of Lusigarten :— 
Sections are placed for from twelve to twenty-four hours 
in the following solution, at the ordinary temperature of 


* Manson, Lancet. 1884. 

+ Babes, Compt. Rend. de l’Acad.d.Sc. 1883. : 

t Lustgarten, Dee Syphilesbacitien. Mit4Tafeln. 1885. 

§ Alvarez et Tavel, ‘‘ Recherches sur le Bacille de Lustgarten,” 
Archw de Phys. Norm. et Path., 17; Klemperer, ‘‘ Ueber Syphilis 
und Smegma Bacillen,’’ Deutsche Med. Woch. 1885. 

|| Eves and Lingard, Zamcet, April 10th, 1886. 
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the room, and finally the solution is warmed for two hours 
at 60° C, :— 

Concentrated alcoholic solution of gentian-violet 11 

Aniline water ; ’ ; ; ; . 100 

The sections are then placed for a few minutes in 
absolute alcohol, and from this transferred to 1°5 per cent. 
solution of permanganate of potash. After ten minutes 
they are immersed for a moment in a pure concentrated 
solution of sulphurous acid. If the section is not com- 
pletely decolorised, immersion in the alcohol and in the 
acid bath must be repeated three or four times. The 
sections are finally dehydrated with absolute alcohol, 
cleared with clove-oil, and mounted in Canada balsam. 

Method of De Giacomti :— 

Cover-glass preparations are stained with hot solution 
of fuchsine containing a few drops of perchloride of iron. 
They are then decolorised in strong perchloride of iron 
and after-stained with vesuvin or bismarck-brown. 

Method of Doutrelepont and Schutz :— 

Sections are stained in a weak aqueous solution of 
gentian-violet and after-stained with safranin. 


Bacillus typhosus, Eberth (Baczllus in typhoid 
Sever).—Rods, *2 » broad, and forming filaments up 
to 50 » long;* ort rods, short, rounded at their 
ends, and occasionally constricted in the middle; 
some exhibiting spore-formation. These bacilli 
have been observed in inflamed Peyer’s glands, in 
the spleen, mesenteric glands, and the lungs in 
fatal cases of typhoid fever. More recently} a 
bacillus has been cultivated on several plates of 


* Kleb’s Arch. 7. Experimental Pathol, 1880. 
+ Eberth, Virchow's Archiv, Bd. 83. 
{ Gaffky, Mittherl. a. d. K. Gesundhettsamte, 1884. 


SYSTEMATIC AND DESCRIPTIVE. 303 


gelatine which were inoculated from different spleens. 
After twenty-four hours the course of the inoculation 
streak became visible, and in forty-eight hours a dis- 
tinct whitish growth had developed. With a low 
power this was found to consist of numerous colo- 
nies of a yellow-brownish colour. The gelatine 
was not liquefied. The rods varied in length (Fig. 
104), were capable of devclopment into threads, 


NE 


Fic. 104.--BACILLUS TYPHOSUS FROM A POTATO-CULTIVATION, X 1500. 


and were motile. They can be cultivated on pota- 
toes at 37°C. They grow well also on blood serum, 
forming a whitish-grey, somewhat transparent layer. 
Spore-formation occurs at the ends of the rods. It 
is stated that inoculation experiments have been 
made in some cases with success.* 


METHODS OF STAINING THE BACILLUS OF TYPHOID 
FEVER. 


To stain the bacilli in the tissues the method of Gram 
can be employed, or the sections may be left for twenty- 
four hours in methylene-blue. Koch recommends bis- 
marck-brown. To colour the spores cover-glass prepara- 
tions and sections must be left for several days in the 
fuchsine solution employed in the method of Ehrlich 
(p. 78); or the solution may be warmed, and in the 
case of cover-glasses, even raised to boiling-point. They 


* Frenkel and Simmonds, Die Atrolog. bedeutung des Typhus- 
bacillus. 1886. 
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are then decolorised with nitric acid, and after-stained 
with methylene-blue. 


Bacillus malariz, Klebs (Bacillus in intermittent 
Jever).—Rods, 2——7 py long, which grow into twisted 
threads. Spore-formation takes place in the centre, or 
at either end (Plate I., Fig. 14). 

Inoculated in rabbits they were stated to produce a 
febrile disorder analogous to malarial fever,* and in the 
spleen and marrow the threads and spores of the bacilli 
were found in abundance. Bacilli with end-spores have 
been discovered also in the blood of patients suffering 
from malaria.T 

The bacilli were first described as present in the soil 
of the Roman Campagna. 

According to more recent observations, more importance 
is to be attached to peculiar amoeboid bodies and motile 
filaments present in the blood of cases of malaria (see 
Appendix D). 

Bacillus of choleraic diarrhoea from meat- 
poisoning, Klein[—Rods from 3—9 yp in length, 
1°3 yt wide, rounded at their extremities, singly or in 
chains of two. Spore-formation occurs, the spores being 
1 p thick, oval, and situated in the centre or at the 
end of the rod. 

Feeding with the bacilli and inoculation produced 
positive results. At the autopsy, pneumonia, peri- 
tonitis, pleuritis, enlargement of the liver and spleen, 
and hamorrhage were observed, and bacilli were present 
in the blood and exudations of the animal. They oc- 
curred in the blood and juices, and especially in the 
glomeruli of the kidneys, of several fatal cases of 
choleraic, diarrhoea. 


* Klebs and Tommasi Crudeli, Archiv f/. Experimental Pathol. 
1879. 

+ Marchiafava, 22d. 

{ Klein, p. 87. 
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Bacillus pyogenes fcetidus, Passet.—Small rods, 
with rounded ends of about 1°45 mw in length, and ‘58 Mm 
in width; often in twos, or linked together in chains. 
They are motile, and spore-formation occurs. When 
cultivated in nutrient gelatine, a greyish, veil-like growth 
forms on the surface. In plate-cultivations white points 
appear after twenty-four hours, which develop into greyish 
spots, and these enlarging coalesce into a layer. In 
nutrient agar-agar the cultivation resembles the growth 
on gelatine. On blood serum a moderately thick greyish- 
white streak develops, and on sterilised potato an abundant, 
shining, brownish culture. From all these media a putrid 
odour emanates, but no smell is detected from a culti- 
vation in milk. Inoculated into mice and guinea-pigs 
abscesses are produced or death from septicemia results. 
They were isolated from putrid pus. 

Bacillus in septiczemia of man, Klein.*—Rods 
singly or in chains, 1—2°'5 py long, *3—"5 p wide, which 
were observed in the blood-vessels of the swollen lym- 
phatic glands. They are possibly identical with the 
following :— 

Bacillus in gangrenous septicemia, Ar- 
loing and Chauveau.—Short rods, possessing spores, were 
observed around wounds in gangrenous septicemia, and 
considered to be the cause of the gangrene. 


Bacillus’ tuberculosis, Koch.t—Rods, 2—4 pz 
and occasionally 8 yw long, very thin, and rounded 
at the ends. They are straight or curved, and 
frequently beaded (Fig. 105), and occur singly in 
pairs, or in bundles. They are found in the cells 
of tubercles, especially in the interior of giant 
cells. In the latter they are often accompanied 


* Klein, Micro-organisms and Disease. 1885. 
+ Koch, Berl. Klin. Woch., No. 15, 1882; and Mctthezl. aus dem 
Kaiserlich. Gesundheitsamte, “ Etiologie der Tuberkulose.”’ 


20 
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with grains which exhibit the same colour reaction 
(Plate XXI., Fig. 1). They are non-motile. 
Spore-formation has been described (see p. 164). 
A good medium for cultivation is solid blood 
serum of cow or sheep, with or without the 
addition of gelatine; and the most favourable tem- 
perature for their development is 37°—38° C. The 
growth takes place very slowly, and only between 
the temperatures of 30° and 41°C. In about eight 


Fig, 105.—BACILLUS TUBERCULOSIS, FROM TUBERCULAR SPUTUM, STAINED 
BY EHRLICH’s METHOD, X 2500 From Photographs. 


or ten days the growth appears as little whitish or 
yellowish scales and grains (Plate XVIII., Fig. 1). 
The bacillus can also be cultivated in a glass 
capsule on blood serum, and the appearances of 
the growth studied under the microscope. The 
scales or pellicles are then seen to be made up of 
colonies of a perfectly characteristic appearance, 
which ‘may be still further studied by making 
a cover-glass impression (p. 69, and Plate XVIII., 
Fig. 4). They are then seen to be composed of 
bacilli, arranged more or less with their long axis 
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corresponding with that of the colony itself, and with 
an appreciable interval between the individual bacilli. 
The colonies themselves appear as fine curved lines, 
the smallest being mostly S-shaped. Longer 
colonies have serpentine twistings and bendings, 
which often recall the curves of fancy lettering. The 
ends of the lines run to sharp points, but the middle 
of the growth is spindle-formed. The youngest 
colonies are extremely delicate and narrow, but the 
older colonies increase in size, are thicker across, 
and, blending with each other, gradually obliterate 
the characteristic appearances ; a lamellated growth 
results, which increases, and gives the appearance 
to the naked eye of the scale or pellicle already 
described. The blood serum is not liquefied unless 
putrefactive bacteria contaminate the culture. A 
fresh tube can be inoculated with one of these little 
scales, and a new generation started. The scales 
gradually increase in size, and consist entirely of 
bacilli. In about three to four weeks the cultiva- 
tion ceases to increase, and it is then necessary 
to inoculate a fresh tube. Glycerine-agar-agar is 
even a better medium than blood serum (Fig. 106). 
A relatively small portion of a cultivation inocu- 
lated into the subcutaneous tissue, into the peritoneal 
or pleural cavity, into the anterior chamber of the 
eye, or directly into the blood stream, produces 
after three or more weeks artificial tuberculosis in 
guinea-pigs and rabbits. Dogs and cats can also 
be infected by experimental inoculation. 
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The appearances observed at the autopsy are, 


swollen lymphatic 


glands in the neighbourhood of 


the inoculation, followed by softening and abscess ; 
enlargement of the spleen and liver, with for- 
mation of caseous tubercles; tuberculosis of the 
lungs, bronchial glands, and peritoneum. After 
inoculation of the eye, ;grey tubercles appear on 





Fic 106 
From a photograph of a 
cultivation of the tubercle- 
bacillus on glycerine-agar- 
agar; six months old 


the iris, and undergo enlarge- 
ment and caseation, followed 
by tuberculosis of the eyeball 
and organs generally. The ba- 
cilli appear to be the direct 
cause of tuberculosis, and the 
presence of the bacillus in the 
sputum of patients is regarded 
as a distinctive sign of the ex- 
istence of this disease. The 
detection of the bacillus has, con 
sequently, become a test whicl 
is daily applied by physician: 
in forming clinical diagnoses. 
The bacilli are found in al 
tubercular growths of man 
monkeys, cattle (Per/sucht), birds 
and many other animals, anc 
in cases of artificial tuberculosis 


in rabbits, guinea-pigs, cats, etc. (Plate XXI., Fig. 2) 
In man the bacillus can be detected in the tissues 
in the sputum, in the blood, and in the urine.* 


* Babes, Centralbl. f. d. Med. Wessensch., 1883, p. 145. 
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Fig. 106. 

From a photograph of a 
cultivation of the tubercle- 
bacillus on glycerine-agar- 
agar; six months old. 


the iris, and undergo enlarge- 
ment and caseation, followed 
by tuberculosis of the eyeball 
and organs generally. The ba- 
cilli appear to be the direct 
cause of tuberculosis, and the 
presence of the bacillus in the 
sputum of patients is regarded 
as a distinctive sign of the ex- 
istence of this disease. The 
detection of the bacillus has, con- 
sequently, become a test which 
is daily applied by physicians 
in forming clinical diagnoses. 
The bacilli are found in all 
tubercular growths of man, 
monkeys, cattle (Perdsucht), birds, 
and many other animals, and 
in cases of artificial tuberculosis, 


in rabbits, guinea-pigs, cats, etc. (Plate XXI., Fig. 2). 
In man the bacillus can be detected in the tissues, 
in the sputum, in the blood, and in the urine.* 


* Babes, Centraibl. f. d. Med. Wissensch., 1883, p. 145. 
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Tuberculosis may also be produced by inhalation 


and feeding experiments (p. 137). The channels 
of infection in man are also most probably the 
pulmonary or intestinal mucous membranes. The 
possibility of inoculation of skin wounds is open to 
doubt. The bacilli or their spores are inhaled from 
the air, or taken in with food. As a relatively high 
temperature is required for their growth, they cannot 
thrive outside the animal body in cold climates. 
Morphologically identical bacilli have also been 
observed, but very sparsely, in sections of lupus. 


METHODS OF STAINING THE TUBERCLE BACILLUS, 


Numerous methods have been recommended for stain- 
ing the bacillus tuberculosis, each of which will be given 
in detail. 

Neelsen’s method is preferred by the author for both 
sections and cover-glass preparations. 

Koch's original method.—Cover-glass preparations or 
sections are laid in Koch’s solution (No. 23,¢.) for twenty- 
four hours, or for one hour if the solution is warmed to 
40° C. Rinse in water; immerse in a watery solution 
of vesuvin for two minutes; rinse again in water, and 
examine; or, after rinsing in water, treat with alcohol, 
clove-oil, and Canada balsam. 

Ehrlich’s method—~Cover-glass preparations are allowed 
to float in a watch-glass, containing a solution of gentian- 
violet or fuchsine, added to aniline water. A saturated 
alcoholic solution of the dye is added till precipitation 
commences (10 ccm. aniline water, and 10—20 drops of 
the colour solution). The cover-glasses are left in the 
solution for about half an hour; then washed for a few 
seconds in strong nitric acid (one part commercial nitric 
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acid to two of distilled water), and rinsed in distilled 
water. <A/fter-stain with vesuvin or methylene-blue, 
rinse in water, dry and preserve in Canada balsam 
(Plate IIL, Fig. 1). 

Sections and cover-glass preparations may be stained 
by this method, as described by Koch.* 


Saturated alcoholic solution of methyl-violet 


or fuchsine . ; : : : : II 
Aniline water . . ; . ' . 100 
Absolute alcohol . : : ; : ; IO 


Preparations are left for twelve hours in this solution 
(colouring of the cover-glass preparations can be expedited 
by warming the solution). 

Treat the preparations with (1—3) solution of nitric 
acid a few seconds. 

Wash in alcohol (60 per cent.) for a few minutes 
(cover-glass preparations need only be rinsed a few times). 
After-stain with diluted solution of vesuvin or methylene- 
blue for a few minutes. 

Wash again in 60 per cent. alcohol, dehydrate in 
absolute alcohol. Clear with cedar-oil, mount in Canada 
balsam. 

Rindfiersch's method.—Prepare a solution composed of 


Saturated alcoholic solution of fuchsine 10 drops 
Aniline water. : ; ‘ . 2 drams. 


Pour it into a watch-glass, and float the cover-glass ; 
warm the watch-glass over a spirit-lamp until steam 
rises. Remove it from the flame, and set it aside 
for five minutes. Take out the cover-glass, and transfer 
it for a few seconds to acidulated alcohol (two drops 
of nitric’ acid in a watch-glass full of alcohol). 
Wash in distilled water, dry, and preserve in balsam. 


* Mittherl. aus dem Gesundhettsamte, Zweiter Band, 1884, 
p. 10. 
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After-stain, if necessary, with bismarck- brown, or 
methylene-blue. 

Weigert-Ehrlich method (vide p. 78). 

Orth’s modification of Ehrlich's method.—Stain by the 
method of Ehrlich, but decolorise with acidulated alcohol 
(one of hydrochloric to one hundred parts of 70 per cent. 
alcohol), 

Gibbes’ method,*—-Stain cover-glass preparations in 
magenta solution (No. 22) for 15—-20 minutes. Wash 
in (I-—3) solution of nitric acid, until the colour is 
removed. Rinse in distilled water. After-stain with 
methylene-blue, methyl-green, iodine-green, or watery 
solution of chrysoidin, five minutes. Wash in distilled 
water till no more colour comes away. Transfer to 
absolute alcohol for five minutes ; dry, and preserve in 
Canada balsam. Leave sections in the stain for half an 
hour, then treat with nitric acid, and wash with distilled 
water. Transfer to methylene-blue till deeply stained, 
wash again in distilled water, and then in spirit. Pass 
through absolute alcohol and clove-oil, and preserve in 
Canada balsam. 

Gibbes new method—Cover-glass preparations are placed 
in the double staining solution (No. 16), which has been 
warmed in a test-tube, and, as soon as steam rises, poured 
into a watch-glass. They are allowed to remain for five 
minutes, and then are washed in methylated spirit till no 
more colour comes away, dried in the air or over a spirit- 
lamp, and mounted in Canada balsam. If the solution 
is used without warming, the cover-glasses must be left in 
it for an hour. Sections are treated on the same prin- 
ciples, but must be left in the solution for several hours. 
The crumpling of the sections by the action of nitric acid 
is avoided. : 

Baumgarien’s method.—Cover-glass preparations of 
sputum are made as already described (p. 65), and im- 
mersed in a very dilute solution of potash (I1—2 drops 


* Gibbes, Practical Pathology. 1883. 
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of a 33 per cent. solution of potash in a watch-glass of 
distilled water). The cover-glass is pressed down on a 
slide, and examined with a high power. The bacilli can 
be thus examined in the unstained condition, and to avoid 
any mistake from confusion with other species, the cover- 
glass can be removed, dried, passed through the flame, 
and stained with a drop of an aqueous solution of 
fuchsine, or gentian-violet. The putrefactive bacteria 
are stained, but the tubercle bacilli remain absolutely 
colourless. 

Baumgarten's new method—A solution is prepared as 
follows:—Drop 4—5 drops of concentrated alcoholic 
methyl-violet solution into a small watch-glass full of 
water. (a) Stain the sections in this solution, wash them 
in water, and decolorise in absolute alcohol (five to ten 
minutes), or, before treating with alcohol, immerse the 
sections for five minutes in a half-saturated solution of 
carbonate of potash. Pass through clove-oil, and mount 
in a mixture of Canada balsam, free from chloroform, and 
clove-oil (equal parts). The object of this process is to 
differentiate the tubercle bacilli from chance bacteria, in- 
asmuch as the tubercle bacilli gradually are decolorised 
by the clove-oil. (4) Sections stained in the above 
solution are placed for five minutes in alcohol, and then 
in a concentrated solution of bismarck-brown in I per 
cent. solution of acetic acid. The after-treatment may 
be conducted as already described. 

Neelsen’s method.—Cover-glass preparations may be 
quickly stained in Neelsen’s solution (No. 25) warmed in 
a watch-glass till steam rises. Sections are left for from 
five to ten minutes in the solution, and then washed in a 
watery solution of sulphuric acid (25 per cent.) ; rinsed 
in distilled water, and immersed in methylene-blue solution. 
After two or three minutes they are passed through alcohol 
and oil of cloves, and mounted in Canada balsam. 

Balmer-Frantzsel method—Dissolve two grammes of 
freshly powdered gentian-violet in 100 grammes of 
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aniline-water. Immerse the sections for twenty-four 
hours, and treat as in Ehrlich’s method. 

Ziehl’s method.—Stain with Ehrlich’s method, but omit 
the nitric acid; after-stain with methylene-blue. The 
latter replaces the stain of all bacteria except the tubercle 
bacillus. 

Lichtheim’s method.—Concentrated solution of fuchsine 
or gentian-violet is diluted with distilled water, and the 
sections stained for thirty-six hours. 

Peters’ method.—Sections are stained for half an hour in 
fresh aniline-gentian-violet solution. Transfer to 20 ccm. 
of absolute alcohol for eighteen hours, the alcohol being 
renewed two or three times. Rinse in distilled water for 
one minute, and immerse for three minutes in a watery 
solution of aniline-yellow (aniline-yellow ‘2 dissolved in 
distilled water 10, filter), Wash in absolute alcohol, 
clarify with clove-oil, and preserve in Canada balsam. 

Friinke?s method —Sputum preparations are rapidly 
double-stained by the following method :— Prepare a 
solution by adding concentrated alcoholic methy]-violet 
or fuchsine solution, drop by drop till opalescence arises, 
to 5 ccm. of aniline-water heated to 100° C. Float the 
prepared cover glasses two minutes in the warmed solu- 
tion. The process of after-staining and decolorisation is 
effected by placing the preparation for one to two minutes 
in one of the following solutions: for fuchsine-stained 
preparations, a saturated solution of methylene-blue in a 
mixture of 


Alcohol . ; : : ; 50 
Distilled water . : : ; 30 
Nitric acid ; : : ; 20 


which is filtered before use ; for preparations stained in 
methyl-violet, a saturated solution of vesuvin may be 
used in 


Alcohol . : : ; : 70 
Nitric acid ; ; ; ; 30 
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which must be filtered before use. The sections are 
washed in water (or weakly acidified 50 per cent. alcohol), 
dried and mounted in the usual way. 

Pfuhl-Petre's method——The colouring solution consists 
of ro ccm. of a saturated alcoholic solution of fuchsine 
added to 100 ccm. of water. Float the cover-glasses for 
two minutes in the solution, heated till steam rises. Wash 
for one minute in glacial acetic acid, rinse in water, and 
after-stain in an alcoholic or watery solution of malachite- 
green for a half or one minute. Rinse again in water. 
Dry, and examine in glycerine, or preserve in Canada 
balsam. 

Senkewttsch's method.—Stain cover-glass preparations in 
concentrated fuchsine solution. When strongly coloured, 
wash out the stain for one to two minutes in alcohol, to 
which one drop of nitric acid has been added for every 
ro ccm. Rinse in water, dry, and mount in Canada 
balsam. 

Kaatzer's method.—Place the cover-glass preparations 
for twenty-four hours in a solution of over-saturated alco- 
holic gentian-violet, or, if warmed to 80° C., for three 
minutes. Decolorise in a solution consisting of 


Alcohol 90 per cent. . . roo ccm. 
Water : : : : : 20 ccm, 
Strong hydrochloric acid . : 20 drops. 


Rinse in 9o per cent. alcohol, and after-stain with concen- 
trated watery solution of vesuvin for two minutes ; wash 
again in distilled water, dry, and mount in Canada 
balsam. 

Ehrlich's method and eostn.—The author has found that 
after sections have been stained with methyl-violet and 
bismarck-krown by Ehrlich’s method, as described by Koch 
(p. 310), they may with advantage be immersed in a weak 
alcoholic solution of eosin, then rinsed in clean absolute 
alcohol, clarified with clove-oil, and mounted in Canada 
balsam. The giant cells are then stained pink, while 
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their nuclei are brown and the bacilli blue (Plate XXL, 
Fig. 1). 

Bacillus anthracis (Bactéridie du charbon, Bacil- 
lus of splenic fever, wool-sorter’s disease, or malignant 
pustule)—Rods, 5—-20 p long and 1—1°25 p broad, 
and threads; spore-formation present. As a 
thorough knowledge of the life-history of this 
bacillus is of the greatest importance, inasmuch as 
it is without any doubt the actual cause of wide- 
spread disease, the various steps to be followed 
in a practical study of it will be successively treated 
in detail. Its morphological and biological charac- 
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Fic. 107,—BAcILLUS ANTHRACIS, X 1200, From a preparation of blood from 
the spleen of an inoculated mouse. 





teristics have been very completely worked out, 
and it serves as an excellent subject for gaining 
an acquaintance with the various methods that 
should be employed in studying micro-organisms. 
It is found that a mouse inoculated with the bacillus 
or its spores will die in from twenty-four to forty- 
eight hours, or more rarely in from forty-eight to 
about sixty hours. 

Examination after death.—The details to be ob- 
served in the autopsy have already been described 
(p. 141). The spleen is found to be consider- 
ably enlarged, and may be removed (p. 142), and 
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cultures in the incubator develop rapidly, a tempera- 
ture of 25°—40° C. being most favourable for 
the growth of the bacillus. The spores are 
eventually set free, and by making a fresh cul- 
tivation, or by injecting them into a mouse or 
guinea-pig, they germinate again into the cha- 
racteristic bacilli, which in their turn grow into 
filaments and spores. When the spore germinates 
it swells, the outer layer becomes jelly-like, and 
giving way at one or other pole, the contents 
escape and grow into a rod. With the precautions 
previously described (p. 141) cultivations should 
be established in nutrient gelatine, nutrient agar- 
agar, and on sterilised potatoes. 

Test-tube cultivations in nutrient gelatine.—Typically 
characteristic appearances are obtained by inocu- 
lating a 5 to 8 per cent. nutrient gelatine. A 
whitish line develops in the track of the inoculating 
needle, and from it fine filaments spread out in the 
gelatine * (Fig. 108). Occasionally a little isolated 
spot develops, from which rays extend in al] direc- 
tions, like the silky filaments of thistle-down. 
The filaments are more easily observed with a 
magnifying glass. In a more solid nutrient 
gelatine the growth appears only as a_ thick 
white thread. As liquefaction of the gelatine 
progresses, these appearances rapidly disappear, 
and the growth subsides as a white flocculent 
mass (Plate VI., Fig. 3). In exhausted culture-media, 

* The Author, Zance?. 1885. 
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and sometimes in the blood, filaments are seen 
in a state of degeneration. This has 
also been observed in sections of the 
kidney, etc., of a rabbit inoculated 
with the anthrax bacillus, which had 
died of septicemia the following 
morning. 

Test-tube cultivations in nutrient agar- 
agar.—Cultivated upon a sloping sur- 
face of nutrient agar-agar a viscous 
snow-white layer is developed (Plate 
X., Fig. 1). Without access of air 
no cultivation can be obtained, the 
bacilli being zrobic. This can be 
demonstrated by embedding a piece 
of lung or spleen pulp containing bacilli 





Fic, 108. 
Pure Curmva- in nutrient agar-agar (p. 167). No 


Bacuus ax. growth of the bacilli takes place. 
‘Numicie Potato-culttvations.—A very character- 


GeLaTINE istic growth results from the inoculation 
of sterilised potatoes. The damp chamber con- 
taining the potatoes is placed in the incubator, and 
in about thirty-six to forty-eight hours a creamy, 
very faintly yellowish layer forms over the inoculated 
surface, with usually a peculiar translucent edge 
(Plate XI., Fig. 1). On removing the cover of 
the damp chamber a strong, penetrating odour of 
sour milk is encountered. 

Plate-cultivations.—From the spleen or blood of 
the heart. cultivations must be established in 
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nutrient gelatine on plates. The colonies develop 
in about two days, according to the temperature of 
the room. They appear to the naked eye as little 
white spots or specks, which, on examination with a 
low power of the microscope and small diaphragm, 
exhibit two distinct forms. One form, on careful 
focussing, has the appearance of a little compact 
ball of twisted thread; in the other, liquefaction 
of the gelatine has commenced, and the thread 








Fic. 109.—COLONIES IN A PLATE-CULTIVAIION, X 70. 


bundles are spreading out like locks or plaits of 
hair in the neighbouring gelatine. These appear- 
ances are perfectly characteristic (Fig. 109). 
Cover-glass impressions. — The plate - cultivations 
should be also examined as soon as the colonies 
appear, by making cover-glass impressions (p. 69), 
and staining them with aniline dyes. The filaments, 
examined with a high power, will then be seen to 
consist of a number of rods or segments (Plate I., 
Fig. 30). On the other hand, filaments from a 
tube-cultivation in a solid medium will be found 
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to be composed, not only of rods, but here and 
there of torula-like involution-forms (Plate I., Fig. 
30). In a cover-glass impression from a potato- 
culture (Plate I., Fig. 29) the individual segments 
have a great tendency to be isolated one from the 
other, and there is copious spore-formation. 
Preservation of spores.—Spores may be preserved 
simply by allowing anthracic blood to dry and 
sealing it in a tube. The spores from a potato- 





Fic. 110.—CoVER-GLASS IMPRESSION-PREPARATION, X 70. 


cultivation are treated as follows :—The inoculated 
surface containing the creamy cultivation is sliced 
off in a thin layer, and is mashed up with distilled 
water in a glass capsule. Sterilised silk-thread is 
cut up into lengths of about a quarter of an inch, 
and allowed to soak in the paste for some hours, 
under as bell-glass. The threads are then picked 
out with a pair of forceps, and laid upon a sterilised 
glass plate, covered with a bell-glass, and allowed 
to dry. From the plate, when perfectly dry, they 
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are transferred to a small test-tube, which can be 
plugged with cotton-wool, or sealed in the Bunsen 
burner. 

Examination in the tassues.—The organs must be 
hardened in absolute alcohol, cut, and_ stained 
(pp. 75-78). The method of Gram is the most 
instructive, and eosin a very satisfactory contrast 
stain. The capillaries all over the body, lungs, 
liver, kidney, spleen, skin, mucous membrane, etc., 
will be found to contain bacilli. In some cases the 
bacilli are so numerous (e.g., in the capillaries of 
the kidney, Plate XXIII., Fig. 2), that examination 
with a low power gives the appearance of an 
injected specimen. 

Inoculation of animals.—A thread containing spores, 
a drop of blood from an infected animal, or a 
minute portion of a cultivation, introduced under 
the skin of a mouse or guinea-pig, causes its death, 
as a rule, in from twenty-four to forty-eight hours. 
Sheep fed upon potatoes which have been the 
medium for cultivating the bacillus, die in a few 
days. Goats, hedgehogs, sparrows, cows, horses, 
and swine are all susceptible. Rats are infected 
with difficulty. Dogs, cats, white rats, and Algerian 
sheep have an immunity from the disease. Frogs 
and fish have been rendered susceptible by raising 
the temperature of the water in which they Ifved. 

Dissemination of the disease and mode of infection.—It 
has been stated that when carcases of animals which 
have died of anthrax are buried under the soil, the 

21 
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development of the bacilli into spores can take plac 
The spores were supposed to be taken up by ear! 
worms, carried to the surface, and deposited in the 
castings ; animals then grazing or sojourning on tl 
soil are thus liable to be infected.* This has n 
been borne out by experiment.t Bacilli, howeve 
occur in large numbers in the blood and discharg: 
from the nose and mouth of the moribund animal 
and in the urine and feces. They find a nourishir 
soil in decaying vegetable and animal matter, a1 
having free access of oxygen form copious spore 
so that the grass is extensively contaminated. 

In warm and marshy districts the spore-formatic 
is still more active, and the spores may be carri 
by floods over adjacent meadows. As to the mo 
of infection, the animals may be directly infect 
through buccal wounds caused by siliceous grass: 
or by wounds of insects; the intestinal and p 
monary mucous membranes are also regarded 
pathways of infection. In animals the disease 
known as “splenic fever.” 

In man the mode of infection is by inhalation 
spores, and ingress by the pulmonary or intesti 
mucous membrane, or by direct inoculation of 
wound or abrasion. The spores are derived fr 
the wool or hides of animals which have died 
anthrax, and the resulting disease is known 
‘‘wool-sorter’s disease,” and “pustula malign 


* Pasteur, Bulletin de l’ Académie de Médecine. 1880. 
+ Koch, Mttthez/. a. d. Gesundheitsamte. 1881. 
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Bacilli are found in the serum of the pustule, and in 
sputum, urine, feeces, and sweat; and if the disease 
prove fatal, in the capillaries throughout the body. 

Aitenuation of the virus—By cultivating the 
bacillus in neutralised bouillon at 42°—43° C. for 
about twenty days, the infecting power is weakened, 
and animals inoculated with it (premier vaccin) are 
protected against the disease.* To obtain a still 
more perfect immunity, they are inoculated a second 
time with material (deuxzéme vaccin) which has 
been less weakened. The animals are then pro- 
tected against the most virulent anthrax, but only 
for a time. From such a culture, however, new 
cultures of virulent bacilli can be started, and a 
culture that is ‘‘vaccin” for sheep kills a guinea- 
pig, and then yields bacilli that are fatal to sheep.t 
Exposure to a temperature of 55° C., or treatment 
with ‘5 to 1 per cent. carbolic acid, deprives the 
bacilli of their virulence. The virulence of the 
bacillus is also altered by passing the bacillus 
through different species of animals. The bacillus 
of sheep or cattle is fatal when re-inoculated into 
sheep or cattle; but if inoculated in mice, the 
bacilli then obtained lose their virulence for sheep 
or cattle ; only a transitory illness results, and the 
animals are protected for a time against virulent 
anthrax.t{ The possibility of mitigating thé virus 

* Pasteur, Compr. Rend., 1861, and Revue Scientifique, 1883. 

+ Klein, A@tcro-organisms and Desease. 1885. 


¢ Klein, Reports of the Medtcul Officer of the Local Government 
Board. 1882. 
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depends upon the species of animals ; rodents cannot 
be rendered immune by any known “vaccin.” 


METHODS OF STAINING THE BACILLUS ANTHRACIS, 


Cover-glass preparations of blood, etc. can be stained 
with a watery solution of any of the aniline dyes. They 
may be rapidly stained with a drop of fuchsine or gentian- 
violet (p. 65), but more satisfactorily by floating the cover- 
glasses for twenty-four hours. The preparations may be 
dried and mounted in Canada balsam, but the typical 
appearances are best observed in freshly stained specimens 
€xamined in water. 


Fig 111 —Spores or BAcliLUS ANTHRACIS UNSIAINED, x 1500 


The sheath and protoplasmic contents can be differen- 
tiated by staining with eosin after the method of Gram. 

The spores (Fig. 111) are not stained by the ordinary 
methods. The cover-glass preparations must be raised 
to a high temperature in the incubator, or treated with 
sulphuric acid (p. 68), or passed about twelve times 
through the flame of the Bunsen burner, or floated on hot 
solution of the dye. 

To double-stain spore-bearing bactllz—Float the cover- 
glasses for about twenty minutes on hot alcoholic solution 
of fucksine. Decolorise in weak hydrochloric acid, and 
after-stain with methylene-blue (Fig. 113). 

Tissue sections are best stained by the method of Gram, 
and after-stained with eosin, picrocarminate of ammonia, 
or picro-lithium-carmine. 
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A more rapid double stain is obtained by immersing 
the sections in a watery solution of gentian-violet, rinsing 
in alcohol, and then staining by the method of Orth 


(p. 78). 
Saar 


Fic. 112.—SPoRES OF BACILLUS ANTHRACIS, < 1200; stained with gentian- 
violet, after passing the cover-glass twelve times through the flame. 


Weigert’s method.—FPiace the sections from two to five 
minutes in a I per cent. watery solution of gentian-violet. 
Wash in alcohol, rinse in water, and transfer to picro- 
carmine solution (Weigert) for from half an hour to an 


lt ff dT 
es ee 
ee 
Fee Seay 
eke 


FiG, 113.—FRom A DOUBLE-STAINED PREPARATION OF BACILLUS 
ANTHRACIS, x 1200. 


hour. Treat with alcohol till the colour is almost washed 
out, and finally clear in oil of cloves and mount in Canada 
balsam. 


Bacillus mallei (Bacillus of glanders).—Rods 
about the size of tubercle bacilli (Fig. 114)., When 
cultivated on solid sterile blood serum at 38° C., the 
growth appears in the form of minute, transparent 
drops consisting entirely of the characteristic bacilli. 
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On sterilised potatoes they form, in a week to ten 
days at 37° C., a brown gelatinous layer. Pure cul- 
tivations after several generations produce the fol- 
lowing results when inoculated into horses, rabbits, 
guinea-pigs, and field-mice. A spreading ulcer with 
indurated base appears at the site of inoculation 
while smaller ulcers break out in its vicinity. The 
lymphatics become swollen, and general infection 
follows in the form of nodules in the internal organs, 
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Fic, 114.—BAciLLUS MALLE, x 1200, from a section of a glanders’ nodule 


and nodules and ulcers on the nasal septum. In 
guinea-pigs a characteristic tumour of the testis, or 
ovary and vulva, frequently results, and should be 
prepared for microscopical sections. The bacilli are 
found in the nodules of the nasal mucous mem- 
brane, the lung, spleen, liver, and other organs in 
horses and sheep affected with glanders. 


METHODS OF STAINING THE BACILLUS OF GLANDERS. 


The bacilli of glanders are extremely difficult to de- 
monstrate. The most satisfactory results are obtained as 
follows :— 

Metho® of Schute.—The sections are placed for twenty- 
four hours in a mixture of 

Potash solution (1 in 10,000) ; Equal 

Concentrated alcoholic methylene-blue solution } parts. 
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Wash the sections in a watch-glass with water acidu- 
lated with four drops of acetic acid. Transfer for five 
minutes to 50 per cent. alcohol, fifteen minutes to absolute 
alcohol, clarify in clove oil, and mount in Canada balsam. 


Bacillus cedematis maligni, Koch (fas- 
teur's Septicema).—Rods from 3—3°5 p long and 
I—1°r » wide; they mostly lie in pairs, and then 
appear to be double this length. The rods are 
rounded at their ends, and form threads which are 
sometimes straight, but more commonly curved. In 
stained preparations they have a somewhat granular 
appearance. The bacilli are distinguished from 
anthrax bacilli by their being somewhat thinner, 
by their rounded ends, and by their being motile. 
Anthrax bacilli also never appear as threads in fresh 
blood, and are differently distributed throughout 
the body. They are anzrobic, and can be culti- 
vated on blood serum and on neutral solution of 
Liebig’s meat extract in an atmosphere of carbonic 
acid. By embedding material containing bacilli in 
nutrient agar-agar and nutrient gelatine, charac- 
teristic cultivations are obtained. The following 
process may be adopted to obtain a pure cultiva- 
tion.* A mouse inoculated subcutaneously with 
dust, as a rule, dies in one to two days. It is then 
pinned out, back uppermost, on a slab of wood 
(p. 141), and the hair singed with a Paquelin’s 
cautery from one hind leg up to the neck, across 


* Hesse, Deutsch. Med Woch,No.14 1885, 
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the latter, and down again to the opposite hind 
leg. Following the cauterised line, the skin is cut 
through with sterilised scissors, and the flap turned 
back and pinned out of the way. With curved 
scissors little pieces of the subcutaneous cedema- 
tous tissue, in the neighbourhood of the inoculated 
spot, are cut out, and sunk with a platinum needle 
in a I per cent. nutrient agar-agar, or 5 per cent. 
nutrient gelatine. Fragments of tissue may also 
be embedded by the method already described 
(p. 167). 

The inoculated tubes are placed in the incubator. 
In a few hours a whitish turbidity spreads out from 
the piece of tissue, and upwards in the needle track. 
Examined microscopically, the turbidity is found to 
be due solely to the development of bacilli of cedema. 
The surface exposed to the air exhibits no trace 
of the bacilli. 

To investigate the tubes microscopically, a steri- 
lised glass tube with a capillary end may be used, 
with its neck plugged with sterilised cotton-wool, 
and provided at the mouth with a suction ball. 
The capillary end is thrust into the cultivation, 
ana a small fragment removed by aspiration. In 
the course of the first day the bacilli spread through- 
out a great part of the agar-agar in such a way that 
a more er less equally diffused cloudiness of the 
medium ensues, with subsequent appearance of 
strongly marked clouds or lines of turbidity. At 
the same time gas-bubbles develop along the needle 
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track, and a collection of liquid takes place, while 
spore-formation also commences. The following day 
these appearances are more marked, the opacity is 
more pronounced, the development of gas increases, 
and the liquid contains more spore-forming bacilli 
and numerous free spores. 

The nutrient-gelatine cultures during the first 
day show no macroscopic change, but after a few 
days the piece of tissue is surrounded with a white 
halo. This gradually spreads in all directions, and 
is apparently beset with hairs. The gelatine lique- 
fies, and the fragment of tissue, degenerated bacilli, 
and spores, sink to the bottom. The cultivation is 
also very characteristic in $ per cent. nutrient agar- 
agar. If placed in the incubator, in a few hours a 
cloudiness forms around the piece of embedded 
tissue, which is caused by bacilli gradually spreading 
in all directions in the nutrient medium. Mice 
inoculated from these cultivations die more quickly 
than from the original infection from dust. On 
potatoes they are cultivated by introducing a piece 
of liver or other tissue containing the bacilli, into 
the interior of a sterilised potato (p. 143), incubated 
at 38°C. The bacillus is not deprived of its viru- 
lence by cultivation. The spores of the cedema- 
bacilli appear to be very widely distributed. They 
are found in the upper cultivated layer of, the soil, 
in hay dust, in decomposing liquids, and especially 
in the bodies of suffocated animals, which are left 
to decompose at a high temperature. From any of 
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track, and a collection of liquid takes place, while 
spore-formation also commences. The following day 
these appearances are more marked, the opacity is 
more pronounced, the development of gas increases, 
and the liquid contains more spore-forming bacilli 
and numerous free spores. 

The nutrient-gelatine cultures during the first 
day show no macroscopic change, but after a few 
days the piece of tissue is surrounded with a white 
halo. This gradually spreads in all directions, and 
is apparently beset with hairs. The gelatine lique- 
fies, and the fragment of tissue, degenerated bacilli, 
and spores, sink to the bottom. The cultivation 1s 
also very characteristic in } per cent. nutrient agar- 
agar. If placed in the incubator, in a few hours a 
cloudiness forms around the piece of embedded 
tissue, which is caused by bacilli gradually spreading 
in all directions in the nutrient medium. Mice 
inoculated from these cultivations die more quickly 
than from the original infection from dust. On 
potatoes they are cultivated by introducing a piece 
of liver or other tissue containing the bacilli, into 
the interior of a sterilised potato (p. 143), incubated 
at 38°C. The bacillus is not deprived of its viru- 
lence by cultivation. The spores of the cedema- 
bacilli appear to be very widely distributed. They 
are found in the upper cultivated layer of, the soil, 
in hay dust, in decomposing liquids, and especially 
in the bodies of suffocated animals, which are left 
to decompose at a high temperature. From any of 
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these sources animals can be successfully inoculated. 
If a guinea-pig, for example, be subcutaneously 
inoculated with earth, putrid fluid, or hay dust, death 
frequently occurs in from twenty-four to forty-eight 
hours. At the autopsy the most characteristic sym- 
ptom is a widespread subcutaneous cedema, which 
originates from the point of inoculation, accompanied 
with air-bubbles, and contains a clear reddish liquid 
full of motile and non-motile bacilli. The internal 
organs are little changed, the spleen is enlarged 
and of a dark colour, and the lungs are hyperzemic, 
and have hemorrhagic spots. Examined imme- 
diately after death, few or no bacilli are detected 
in the blood of the heart, but in that of the spleen, 
liver, lungs, and other organs, in the peritoneal 
exudation, and in and upon the serous coating of 
abdominal organs they are present in large numbers. 
If, on the other hand, the animal is not examined 
until some time after death, then the bacilli are 
found in the blood of the heart, and distributed all 
over the body. 

Bacillus of septicemia of mice, Koch.— 
Extremely minute bacilli, "8—1 yw long, and ‘1—*2 p 
broad, often in pairs, seldom in chains of four. On 
cultivation they do not appear to make threads, 
but the bacilli lie together in masses. Spores have 
been observed. The bacilli are probably non- 
motile. They are most commonly in the interior 
of white blood corpuscles. In these they increase, 
and in many cases a white cell is only represented 
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by a mass of bacilli. The bacilli, or rather their 
spores, occur in putrid liquids. Ifa number of mice 
be inoculated with a minimum quantity of putrid 
fluid, about a third of them die of septicemia. 
They rapidly sicken, their eyes inflame, their 
eyelids stick together, 
they become soporific, 
and die in from about 
forty to sixty hours. 
At the autopsy one 
finds slight cedema at 
the seat of inocula- 
tion, and enlargement 
of the spleen; the 
bacilli are found both 
free and lodged in the 
white corpuscles, in 
the cedematous tissue, 
and in the blood ca- 
pillaries. A minimal 
quantity of this blood 
produces the disease 
if inoculated in house- Fig. 115. Fig. 116. 

. Pure CuLTIVATIONS OF THE BACILLUS 
mice or Sparrows. oF SEPTic#mIA OF Mice IN NUTRIENT 


" 5 GELATINE. 
Field-mice have an Fig. 115. In two days. 


immunity. Rabbits Fig. 116, In five days. 

and guinea-pigs inoculated in the ear suffer.from only 
a local erythema, which disappears after five or six 
days, and renders them for a time immune. Rabbits 
inoculated in the cornea suffer from an intense 





332 BACTERIOLOGY. 


inflammation of the eyes. The bacilli are easily 
cultivated outside the body on a mixture of aqueous 
humour and gelatine, and especially on nutrient 
gelatine rendered slightly alkaline with sodium 
phosphate. They grow also very well on the ordi- 
nary nutrient gelatine, forming in plate-cultivations 
scarcely perceptible cloud-like specks, and in a test- 
tube of nutrient gelatine they form a delicately 
clouded cultivation along the needle track (Figs. 
115 and 116). A small quantity of pure culti- 
vation carried through many generations repro- 
duces the disease when inoculated into mice. The 
organs should be hardened in absolute alcohol, and 
sections stained preferably by the method of Gram 
(Plate XXV., Figs. 1 and 2). 

Bacillus of ulcerative stomatitis in the 
calf, Lingard and Batt—Rods 4 p—8 p, or more 
in length; 1 w in width. Spores are frequently 
present. Injected into the rabbit or mouse they 
produce a fatal result. They were observed in 
ulcerations on the tongue and mucous membrane 
of the mouth of calves. 


METHOD OF STAINING THE BACILLI OF ULCERATIVE 
STOMATITIS, 


Sections through the ulcerations of the calf’s tongue, or 
of the inoculated tissue of the rabbit, were stained by 
immersion in a mixture of magenta and methylene-blue. 
They were then washed in spirit, cleared in olive-oil, and 
mounted in Canada balsam. 
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Bacillus swine-typhoid (/acil/us in swine- 
plague or swine-fever. Bacillus in pneumo-enteritis of 
the pig, Klein*)—Rods 2—3 wp long, actively 
motile (Fig. 117); spore-formation described (Fig. 
119). They can be cultivated in broth and hydro- 
cele-fluid, and carried on through successive 
generations, A drop of any of these cultivations 
produces the disease in pigs, mice, and rabbits 
(Fig. 118); the animals die with a characteristic 





Fic, 117.—FRom A PREPARATION OF BroncuiaL Mucus oF a Pic 
[after Klein]. 


swelling of the spleen, coagulative necrosis of 
tracts of the liver tissue, and inflammation of the 
lungs; it is said that pigs inoculated with artificial 
cultures are protected against a fatal attack. 

The bacillus was observed in the diseased organs 
of pigs that had died of swine-fever, and of animals 
that had died from the inoculated disease. 

Bacillus of swine-erysipelas (acitlus des 
erysipelas malignum, of Rothiauf, or  Rouget du 
porc).—Extremely minute bacilli, bearing a close 


* Klein, Resort to Med. Offic. Loc. Govt. Board. 1877-1878. 
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Long slender motile rods. They exhibit terminal 
(drumstick) spore-formation. They were found 
associated with other bacteria in abscesses result- 
ing from the inoculation of mice and rabbits with 
garden earth. Inoculation of earth subcutaneously 
in these animals induces fatal tetanus, They have 
been isolated from tetanus in man, and pure- 
cultivations obtained in different media. In grape- 
sugar-gelatine they produce a characteristic growth 
composed of excessively fine filaments. The 
gelatine is slowly liquefied. Mice, guinea pigs, 
and rabbits, inoculated with a pure-cultivation die 
of tetanus. 


Bacillus alvei, Cheshire and Cheyne.* — Rods 
varying in size, and forming large oval spores. When 
cultivated in nutrient gelatine in test-tubes a delicate, 
ramifying growth appears on the surface, and irregular 
whitish masses arise along the needle track. Processes 
shoot out from these masses, and extend through the 
gelatine for long distances. They are thickened at points 
in their course, and clubbed at the ends. The gelatine is 
gradually liquefied, and the bacilli form a loose, white, 
flocculent deposit at the bottom of the tube. The liquid 
in the tube becomes yellowish in colour after a time, and 
gives off an odour of stale but not ammoniacal urine. 
The colour and odour are distinctive also of the disease 
attributed to the bacilli| In plate-cultivations the bacilli 
grow out in series of rods in single file, or in rows of 
several side by side. The processes which ure formed, 
tend to curve, and at a short distance from the track of 


*Cheshire and Cheyne, Yourn. Royal Microscopical Soczety, 
1885, pp 582-601. 
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the needle-streak form a distinct circle, from which another 
process grows out, and a fresh circle is developed. The 
gelatine in the vicinity of the bacilli gradually liquefies, 
and channels are formed in the gelatine in which the 
bacilli move backwards and forwards. On nutrient agar 
agar a whitish layer develops, consisting of bacilli arranged 
side by side, which in a few days are replaced by rows 
of spores similarly arranged. On potatocs they form a 
dryish yellow layer, and in milk a tremulous jelly. A 
cultivation of the bacillus in milk, sprayed over a honey- 
comb containing a healthy brood of bee larvz, produced 
the disease known as “foul-brood.” Adult bees fed on 
material containing bacilli became affected ; inoculation of 
mice and rabbits with the bacillus gave doubtful results. 
The bacilli were isolated from the diseased larvz of bees. 


Bacillus pyocyaneus (Micrococcus pyocyaneus, 
Gessard. Bacterium c@ruginosum, Schroter. Ba- 
cillus fluorescens).—Slender rods sometimes linked 
in twos or threes, or collected in irregular masses. 
Spore-formation present. On _ plate-cultivations 
white colonies with indistinct contour appear in 
twenty-four hours, and the whole of the gelatine 
has a greenish shimmer. In test-tube cultivations 
the gelatine is liquefied, and coloured green by 
reflected light, and a deep orange by transmitted 
light (Plate VI., Fig. 1). On nutrient agar-agar 
they form a white layer, and colour the medium 
a pea-green. The pigment formed by the rods is 
a definite principle—pyocyanin.* It can be ex- 
tracted with chloroform from pus, and from washings 


* Gessard, De Ja Pyocyanine et de Son Microbe. Parts these. 
1882, 
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of bandages ; it is soluble in acidulated water, which 
it colours red. In neutral solution it becomes blue. 
It crystallises in chloroform in long needles; and 
forms sometimes lamellz and prisms. The rods 
occur in the pus of those cases in which the wounds 
and pus-stained bandages exhibit a greenish-blue 
colour. 

Bacillus ianthinus (Bacterium ianthinum, Zopf. 
Bacillus violaceus).—Slender rods, about four times 
their width in length, with rounded ends, They 
also form threads, and are actively motile. Spore- 
formation present in the rods. On plate cultiva- 
tions the colonies occur as circumscribed liquefied 
areas, in the centre of which is a collection of the 
coloured growth. In test-tubes a funnel-shaped 
liquefaction takes place, while a granular-looking 
violet mass subsides to the bottom. On agar-agar 
and potatoes a beautiful violet growth rapidly 
develops. They were observed on pieces of pigs’ 
bladder floating on the surface of water rich in 
bacteria. They occurred only on the surface of 
the bladder exposed to the air, and never on the 
part under water. They occasionally occur in 
common tap water. The colouring matter is 
soluble in alcohol. 

Bacillus yanogenus, Fuchs. (Sacterium 
syncyanum. Bacillus of Blue Milk).—Motile rods, 
2°5——3'5 » in length, and -4 mw wide (Fig. 120). 
The rods after division may remain linked 
together, and form chains. Non-motile rods 
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enveloped in a gelatinous capsule, and involution- 
forms, have also been described. Spore-formation 
present. 

Cultivated in a test-tube of nutrient gelatine, the 
bacilli grow principally upon the free surface, in 
the form of a white = The surface of the 
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Fic. 120, BaciLLus CYANOGENUS, xX 650, 
A. Active rods. B. Rods in zooglea. C, Chain of short rods. D. Chain of 
cocci. E. Cocci stage. F,G. Spore-forming rods. H. Involution-forms 
after Nec cn]. 


gelatine becomes cupped, and a peculiar greenish- 
brown colour develops in the medium, especially 
in proximity to the growth. 

On a sloping surface of nutrient agar-agar, 
they grow as a white layer, and colour the 
upper part of the medium a smoky brown (Plate 
VIII, Fig. 2). 

The bacilli can also be cultivated in milk and on 
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various other substrata, as potatoes (Plate XVII), 
boiled rice, and starch. A pure cultivation in 
neutralised sterile milk develops a weak alkaline 
reaction. The colouring matter which is formed, 
varies with the nourishing medium ; for example, in 
milk a slate-blue coloration is produced, but if the 
milk has become acid by the growth of the Bacellus 
acidt lactic, then the colour is an intense blue. 

The micro-organism occurs occasionally in 
cow's milk, producing a blue colour. It has been 
observed, especially in the north of Germany, 
during the warm months; and where milk is 
kept in hot roo.us, in the winter also. The blueing 
was originally attributed to a diseased condition of 
the cows, or to their eating certain meadow plants. 


Bacillus acidi lactici.—Long and short rods, 1— 
2°8 w long, ‘3—'4 p thick, and thread-forms ; no cocci ; 
spore-formation.* Cultivated on nutrient gelatine the 
breadth of the rods is lessened. They grow best between 
35 and 42° C., and cease under 10° C. Cultivated at a 
temperature over 45°5°, they are no longer able to produce 
acidity. Probably several micro-organisms are able to 
produce an acid reaction in milk, 

They occur with various other bacteria in sour milk, 
and a pure cultivation, isolated by plate-cultivations, turns 
sterilised milk sour. 

Bacillus Fitzianus, Zopf.—Cocci, short rods, long 
rods, and threads. This bacillus, cultivated in meat 
extract and glycerine at 36° C., causes an active fermenta- 
tion with the production of ethyl alcohol. Spore-formation 
occurs in the rods, Observed in unboiled hay infusion, 
accompanying the hay bacillus, 


* Hueppe, AWtttherl ad. Gesundheitsamt, N. Band. 
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Bacillus subtilis (Hay éactl/us).—Cylindrical 
rods as much as 6 p» in length, and about three 
times as long as broad. Single forms grow to 
double their length, and then undergo division. 
They also form threads which may be composed 
of long rods, short rods, and cocci. They are 
motile, and provided with a flagellum at each end. 
If the nourishing medium is impoverished, the 
multiplication of the rods by division gradually 
ceases, and spore-formation commences. The rods 
become motionless, and a dark ‘spot is visible, either 
in the middle or towards one end. This gradually 
develops into a shining spore with a dark contour. 
The rods swell slightly during this process, their 
contour becomes undefined, and soon disappears 
entirely, so that the spores are set free in about 
twenty-four hours. The spores are 1°2 » long, and 
‘6 yj broad. They develop into rods in the following 
way. On one side of the spore a swelling appears, 
at the summit of which an opening in the spore- 
membrane results, and the germ escapes. This 
lengthens into a rod, and remains for a time 
attached to the empty spore-membrane. These 
spores are widely distributed, and occur in the air, 
soil, dust, etc. On the excrement of herbivorous 
animals the bacilli form a white efflorescence, and 
on infusion of horse-dung a thick crumpled skin. 
They flourish equally in liquids and upon damp, 
solid, nourishing media. On potatoes they grow as 
a yellowish-white skin; on ordinary nutrient liquids 
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they develop a thin, and subsequently a thick, 
dense, crumpled pellicle, with copious spore-forma- 
tion. They are zrobic; deprivation of oxygen 
causes the growth of the bacilli to cease, and the 
rods degenerate. They may be cultivated in 
various other nourishing media, such as blood- 
serum, nutrient gelatine, and nutrient agar-agar 
(Plate XI., Fig. 2). 

The simplest way to obtain a culture of the 
bacillus is to make a decoction of hay. The hay 
is chopped into small pieces, and boiled with dis- 
tilled water in a flask for a quarter of an hour ; it is 
then filtered i..to a beaker, which must be covered 
with a glass plate, and set aside in a warm place. 
In two or three days the liquid swarms with the 
bacilli, the spores of which exist in great numbers 
in ordinary hay. A more sure method for obtaining 
a pure cultivation is as follows :— 

(a) Add only a small quantity of water to some 
finely chopped hay, and set aside for four hours 
at 36° C. 

(4) Pour off the extract, and dilute it to the 
Sp. Gr. 1'004. 

(c) Boil gently for one hour in a bulb plugged 
with cotton wool. 

(@) Set aside 500 ccm. of the extract at 36° C. 

In about twenty-four hours, as a rule,,a pellicle 
has commenced to develop upon the surface of the 
liquid. If the reaction is definitely acid, carbonate 
of soda solution must be added to the decoction. 
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METHODS OF STAINING HAY BACILLUS. 


To demonstrate the flagella of the bacilli, they may be 
stained with hematoxylin solution (Koch). 

The linking together of cocci, long rods, and short rods 
in the threads, is shown by treating with alcoholic solution 
of fuchsine, or with iodine solution (Zopf). 

To stain the spores the cover-glass preparations must be 
heated to a very high temperature (210° C.), in the hot-air 
steriliser for half an hour, or they may be exposed for a 
few seconds to the action of concentrated sulphuric acid 
(Buchner), or floated for twenty minutes on hot solution of 
the dye. 


Bacillus ulna, Cohn.—Cocci, short rods, long 
rods, and threads. Diam. of the cocci 1°5—2‘2 p. 
Spore-formation in both short and long rods. No 
septic odour is produced by this bacillus in a 
nourishing liquid. Cloudy masses are found on the 
surface of the liquid, which later form a thick dry 
pellicle. The latter consists of bundles of threads 
matted together. The formation of ellipsoidal 
spores occurs in the usual way; they measure 
2°5—2°8 » long, and more than 1 p wide. The 
bacillus is found in rotting eggs, and can be culti- 
vated on boiled white of egg. It is closely allied 
to Bacillus subtilis. 

Bacillus tumescens, Zopf.*—Cocci, long and 
short rods. They form a jelly-like disc, *5—1 cm. 
in diam., on slices of boiled carrot, with the appear- 
ance of a rather tough crumpled skin of a whitish 
colour. Examination of this pellicle shows that it 


* Zopf, Die Spaltpilze, 1885. | 
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is formed of rows of rods lying closely together. 
These rods can be observed to divide into short 
rods and cocci. Spore-formation occurs in two 
stages of development, viz., in the cocci and in the 
short rods. A cultivation is obtained by exposing 
slices of boiled carrot, slightly moistened, to the 
air at the temperature of the room. 

Bacillus megaterium, De Bary.—Large rods 
2°5 mw wide, and four to six times as long. They 





Fig 121 —BACILLUS MEGATERIUM 


a Achain of rods, x 250, The rest x 600 

6. Two active rods 

dto f Successive stages of germination. 

hand ¢@. Successive stages of germination 
{After De Bary ] 


are usually somewhat curved. Transverse division 
occurs, each segment attaining the length of the 
original rod. In the fresh state they appear non- 
articulated, but when treated with a dehydrating 
agent (tincture of iodine, alcohol), they are seen 
to be composed of short segments. The rods are 
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motile, and form irregular chains, of a disjointed 
appearance. They can be cultivated on nutrient 
agar-agar and nutrient gelatine. The latter is slowly 
liquefied, but the appearances are not characteristic. 

| Spore-formation occurs in the usual way 
(Fig. 121). It was first observed on 
boiled cabbage. 

Bacillus figurans (Crookshank).— 
Rods, with rounded ends, varying in 
length. Spore-formation present. In 
plate-cultivations they cause a cloudy 
growth, spreading from various points ; 
if a cover-glass impression be made, 
this is found to consist of the regularly- 
arranged parallel rods. The chains of 
rods become twisted at intervals into 
curious convolutions, from which off- 
shoots are continued in various direc- 
tions. These long shoots or processes 
are again twisted at intervals into vary- 
ing shapes and patterns (Plate XXVII., 





Fie 122. : : . . 
Pure Curmiva- Figs. 1 and 2). Cultivated in nutrient 


TION OF pact” gelatine, the bacilli form on the surface 


or Nuzeienz visible windings, from which fine fila- 


AcaR-AGAR- = ments grow down into the gelatine. 
They spread out also in almost parallel lines trans- 
versely from the needle track. The gelatine is 
not liquefied. On an oblique surface of nutrient 
agar-agar the filaments spread downwards into the 
substance of the jelly, and outwards from the central 
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streak on the surface, forming a feather-like culti- 
vation* (Fig. 122). Cultivated from the air. 
Identical with Bacterium Zopfit, (p. 278). 
Bacillus mycoides.—Rods with rounded ends, 
and varying in length. Spore-formation present. 
In plate-cultivations the colonies have a charac- 
teristic appearance like tufts of wool or masses of 
mycelium. In test-tube cultivations there is the 
same mycelial appearance. Nutrient gelatine is 
liquefied. The bacillus is found in garden earth. 


Bacillus tremulus.—Rods shorter and thinner than 
those of Bacillus s-btilis. They are provided with a 
flagellum at both ends, and exhibit characteristic trembling 
and rotatory movements. Spores thicker than the bacillus, 
and often placed laterally. They were observed on rotting 
plant infusions, forming a thick slimy skin. 

Bacillus of jequirity, Sattler—-Rods 2—4°5 yu 
Jong and ‘58 yp thick. They can be cultivated on nutrient 
gelatine and blood serum. Infusion of jequirity containing 
the bacilli, or an artificial cultivation of the bacilli, inocu- 
lated into the conjunctiva of healthy rabbits produces 
severe ophthalmia. The poisonous principle is, however, 
believed to be a chemical ferment, aévim, and not the 
bacillus, Boiling, which does not destroy the spores of 
the bacillus, destroys the ferment, and cultivations started 
with these spores, though teeming with jequirity bacilli, 
are quite harmless.t The bacilli occur in infusions of the 
beans of Abrus precatorius, or jequirity. 

Bacillus caucasicus, Kern.—Rods forming two 
spores, one at each end, otherwise similar to Bacillus sub- 
telts. They occur in the form of whitish lumps in company 

© Described by the author, ‘‘ Notes from a Bacteriol. Laboratory,’’ 


Lancet, 1885. 
+t Klein, Atcro-organisms and Disease. 1885. 
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with Saccharomyces mycoderma in the production of a drink 
“kephir” from cow’s milk. The fermentation is not due 
to the bacillus. 

Bacillus dysodes, Zopf—Cocci, long and short rods, 
and spores, They were observed in bread, making it 
greasy and unfit for food, and generating a penetrating 
odour resembling a mixture of peppermint and turpentine. 
A great loss may result to bakers if the fungus is intro- 
duced with the yeast. 

Bacillus Hansenii, Rasmussen.—Rods 2°8—6 pu 
long, ‘6—°8 yw wide. Cultivated on sterilised potato in 
four days they form a chrome-yellow layer with an agree- 
able fruitlike smell. Two or three days later the growth 
dries, and changes to orange-yellow in colour; later it 
passes to yellowish or brown, and forms at the same time 
spores 1°7 ys long, 1'1 yw wide. The colouring matter is 
insoluble in most reagents. 

The bacilli occur on nourishing solutions, malt infusion, 
broth, wine, which have been kept at 31 to 33° C., as a 
yellow or whitish skin. 

Bacillus erythrosporus, Cohn.—Motile rods and 
threads; rods exhibiting spore-formation. They grow 
well in nutrient gelatine, colouring the medium green 
by transmitted light. They were found to form a pellicle 
on meat-extract-solutions and on rotting albuminous 
liquids, 

Bacillus septicus, Klein.*—-Rods varying in size, 
non-motile. They form threads or leptothrix filaments, 
and are rounded at the ends. They are anzrobic, and 
form spores independently of access of air. In a nourish- 
ing fluid they are overcome by the presence of wzicrococct, 
Bacterium termo or Bactllus subtilis. They occur in the 
soil, in putrid blood, and many putrid albuminous fluids, 
and occasionally in the blood-vessels of man and animals 
after death. 

Bacillus saprogenes, Rosenbach.— Three rod- 


* Klein, ALicro-organisms and Disvase. 1685. 
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formed organisms have been described by Rosenbach as 
intimately associated with putrefactive processes. 

No. 1.—Large rods (Fig. 123), which form an irregular 
sinuous streak with a mucilaginous appearance, when 
cultivated on nutrient agar-agar. Spore-formation present. 
They grow also very readily on blood serum, and all 
cultivations yield the odour of rotting kitchen refuse. 
They are not pathogenic. 

No. 2.—Rods shorter and thinner than No. 1. They 
develop very rapidly on agar-agar, forming transparent 
drops, which become grey. They were isolated from a 
patient suffering from profusely-sweating feet. The 
cultivations yield a characteristic odour similar to the 
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Fic, 123.—Bacittus saprocrnrs, No. 1 [After Rosenbach | 








last. They are pathogenic in rabbits. They appear to be 
identical with Bacillus fetidus (Bacterium fatidum, Thin). 

No. 3.—See Bacterium saprogenes. 

Bacillus foetidus (Bacterium fatidum, Thin). — 
Cocci, short rods, long rods, and leptothrix. The cocci, 
1°'25——-1°4 in diam., occur singly or in pairs. Spore- 
formation present in the rods. They were isolated from 
the exudation in a case of profuse sweating of the feet, 
and the odour was noticeable in the cultivation (vzde 
Bacillus saprogenes). 

Bacillus putrificus coli, Bienstock. — Slender, 
motile rods, 3 ys in length, often less, sometimes forming 
long threads. Spore-formation present. Cultivations in 
gelatine are iridescent. They are constantly present in 
fzeces. 

Bacillus coprogenes fcoetidus, Schottelius. — 
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Rods with rounded ends, shorter, but about same width 
as the hay-bacillus. Immotile; spore-formation present. 
On nutrient gelatine the colonies are yellowish, and do 
not liquefy the medium. On potatoes they form a pale 
grey layer. They develop a strong rotting odour. They 
were isolated from the organs and intestinal contents of 
pigs reputed to be ill with swine-erysipelas. 

Bacillus aerophilus, Liborius.—Slender rods, two- 
thirds the width of the hay-bacillus, and thread-forms. 
Spore-formation present. In nutrient gelatine they form 
det-like colonies of greenish-yellow colour, which liquefy 
the gelatine. In test-tubes a somewhat funnel-shaped 
liquefaction results. On potatoes they develop a yellowish 
layer. Powerfully zrobic. Found as a contamination. 

Bacillus mesentericus fuscus, Flugge.—Small, 
short, actively-motile bacilli, often linked in twos and fours. 
Spore-formation present. They form white colonies on 
plate-cultivation, which later stream out in rays at the 
periphery, and liquefy the gelatine. In test-tube cultiva- 
tions a funnel-shaped turbidity is produced, and then a 
stratum of liquefied gelatine with subsiding flocculi. On 
potatoes they develop a smooth yellowish layer, which 
soon becomes folded and wrinkled, forming a delicate veil 
over the nutrient surface. They occur on unsterilised 
potatoes. 

Bacillus mesentericus vulgatus, Fhigge (Potato 
bacillus).—-Rods, longer and thicker than the above, and 
sometimes thread-forms ; spore-formation present. The 
colonies, at first somewhat transparent, have later an 
opaque centre, and liquefy the gelatine. In test-tubes of 
nutrient gelatine a funnel-shaped turbidity results, and then 
an upper-stratum is completely liquefied, while a skin 
floats on the surface, and flocculent masses subside to the 
bottom of tke liquid layer. They occur on potatoes. 

Bacillus phosphorescens, Fischer—Motile rods. 
Nutrient gelatine quickly liquefied. Cultivated from sea- 
water (West Indies). 
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Genus V.— Vibrio. 
SPECIES. 


UNASSOCIATED WITH DISEASE :— 
Vibrio rugula . : ; . Zymogenic saprophyte. 


Vibrio rugula, Miiller—Rods and threads, 
6—16 pw long, about ‘5 —2'5 uw thick. The rods are 
either simply bowed, or possessed of one shallow 





Fic, 124.—VIBRIO RUGULA, x 1020, A. Bowed threads. 3. Slightly-curved 
rods. C. Rods swollen preparatory to spore-formation. D. Rods 
swollen at the spore-forming end. FE. Various stages of the developing 
spores, [After Prazmowski. | 


spiral (Fig. ). They bear a flagellum at each 
end. The rods form swarms when causing de- 
composition, and then, or after, grow out into 
threads, curved in a screw-like manner. In the 
next stage of development the rods cease to move, 
and become swollen with granular contents. One 
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extremity develops an enlargement, giving the rod 
the appearance of a pin. The spore formed by the 
contraction of the plasma in the swollen end finally 
becomes globular. The vibrios appear in vegetable 
infusions, causing fermentation of cellulose. 


Genus V1.—Clostridium. 


ASSOCIATED WitTH Disrasrt 1N ANIMALS !— 
Clostridium of symptomatic anthrax. Pathogenic. 


UNASSOCIATED WITH DISEASE :— 
Clostridium butyricum . ; . Zymogenic saprophytes, 
Clostridium polymyxa . ‘ ; ii 4 

Clostridium of symptomatic anthrax (Rausch- 
brand, Charbon symptomateque.* )—Rods rounded at 
the ends, mostly with a shining spore at one end. 
They are especially distinguished from the bacilli 
of anthrax by being motile. Cultivated on blood- 
serum, threads develop, consisting of both rods and 
cocci. From blood-serum they can be cultivated 
on nutrient gelatine, and vegetable albumen. 

Cultivation does not deprive the micro-organism 
of its virulence, but heating the spores to 85° C. 
renders them harmless. 

Inoculation in the subcutaneous tissue of guinea- 
pigs, rabbits, calves, and sheep proves fatal. White 
rats, dogs, and fowls have an immunity. Injection 
into the veins in small quantity produces a febrile 


* Arloing, Cornevin et Thomas, But. de /’ Acad. de Méd. 1881. 
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disorder, in larger quantities death. Animals in the 
former case suffer an abortive illness, which protects 
them against further inoculation. The micro- 
organism is the cause of a disease in cattle, ‘ d/ack- 
leg,” “gquarter-evtl,” or ‘‘ Rauschbrand.” At the 
autopsy the micro-organisms are found in the sub- 
cutaneous connective tissue, in the lymph glands, 
kidneys, spleen, and lungs. An irregular tumour is 
formed in the skin, which develops rapidly, and 
gives crepitus on palpation. The tumour, which 
is hemorrhagic effusion, occurring in the extremi- 
ties, impedes the animal’s movements. The cattle 
infected die in thirty-six to forty-eight hours. 

Clostridium butyricum, Prazmowski (Bacillus 
amylobacter, Van Tieghem; Saczllus butyricus. 
Bacillus of butyric acid fermentation).—Rods 3—10 
p» long, and under 1 pw wide, often indistinguish- 
able from /acillus subtilis, They grow out into 
long, apparently unjointed threads. They are 
mostly actively motile, but also occur in zooglcea. 
The rods and threads are sometimes slightly bent, 
like vibrios. They are anzrobic. The shorter rods 
as a rule swell in the middle, becoming ellipsoidal, 
lemon, or spindle-shaped ; the long rods, and some- 
times the short ones, swell at one end; in either 
case ellipsoidal spores are developed (Fig. 125). 

If they be cultivated in nutrient gelatine, the 
medium is liquefied, and a scum forméd on the 
surface. They grow best between 35° and 40° C. 
The spores are widely distributed in nature, and 
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grow readily on fleshyroots, old cheese, etc. They 
convert the lactic acid in milk into butyric acid, 
and produce the ripening of cheese. They occur 





"9 10 (Gr 


Fic, 125.—CLOSTRIDIUM BUTYRICUM, 


A. Active stage. (a, 4) Bent rods (vibrio-form) and threads. (c) Short rods. 
(@) Long rods. 
B. Spore-formation. C. Spore-germination. [After Prazmowski.] 


also in solutions of starch, dextrine, and sugar, 
and are the active agents in the fermentation of 
sauerkraut and sour gherkins. 
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METHOD OF STAINING THE BACILLUS OF BUTYRIC 
ACID FERMENTATION. 


Treat the bacilli with iodine-solution. At certain stages 
of the fermentation process the plasma takes a blue or 
violet-black coloration. The young rods give the former 
appearance, and the older ones the latter. It is most 
easily observed when the bacillus is cultivated in a sub- 
stance containing starch, or, if starch is wanting, in the 
presence of cellulose, calcium-lactate, or glycerine; in 
bacilli cultivated in sugar solutions the reaction seldom 
appears. 


Clostridium polymyxa, Prazmowski.—Threads 
consisting of ruds which vary in length; cocci, 
involution-forms, and spores are also present; cul- 
tivated on nourishing solutions they develop a thick 
skin on the surface. On boiled beet and other 
roots they form a gelatinous scum, which often 
consists of crinkled, tough masses, several cm. in 
diam., somewhat similar to the Ascococcus Billrothu. 
They cause fermentation in solutions of dextrine, 
and more actively in potato or bean paste. Some 
cells give the iodine reaction weakly, as in C/ostr- 
dium butyricum. 


Group |] ].—LEpToTRICHEA. 


Genus I. Cyvenothrix.—- Threads articulated; cells 
sulphurless ; habitat water. 

Genus II. Beggiatoa—Threads unarticulated ; cells 
with sulphur granules ; habitat water. 


23 
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Genus III. Phragmidioth:ix.—Threads jointless; suc- 
cessive subdivision of cells is continuous; cells 
sulphurless ; habitat, water. 

Genus IV. Leptothrix.—Threads articulated or un- 
articulated ; successive subdivisions of cells not 
continuous ; cells sulphurless. 


Genus I.—Crenothrix. 
SPECIES. 


UNASSOCIATED WITH DISEASE :— 
Crenothrix Kuhmana . : . Simple saprophyte. 


Crenothrix Kiihniana, Rabenhorst.—Cocci, 
rods, and thread-forms. The cocci are globular, 
1—6 win diam. The threads are colourless, 1'5— 
5 mp thick, and club-shaped at the extremity, reach- 
ing a diam of 6—9 yp. The threads form colonies 
with a brick-red, olive-green, or dark-brown to 
brown-black coloration caused by impregnation 
with oxide of iron. The threads are distinctly 
articulated, and ensheathed. The segments are 
set free when the sheath bursts, and develop into 
new threads. In other cases the segments remain 
enclosed, and subdivide into discs, which, by vertical 
fission, break up into globular forms (cocci). These 
again develop into new threads, either within the 
sheath eventually penetrating it, or after they are 
set free (Fig. 126). 

The micro-organism appears in little whitish or 
brownish tufts in wells and drain-pipes, and it not 
only renders drinking-water foul, but may stop up 
the narrower pipes. 
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Fic, 126.—CRENOTHRIX KUHNIANA. 

a, 6, ¢, d, e. Cocci in various stages of fission, x 600. 

Jj. Zoogleea of cocci, x 600. 

g. Various forms of zooglcea, natural size. e 

k. Colony of threads composed of rods grown out of a zooglosa of cocci, 

s—r. .Thread-forms ; some straight, others spiral, with more or less diffei- 
entiation between base and apex. (r) is composed of short rods at the base 
and above these of cylindrical segments, and at the apex these segments have 
divided into cocci, x 600, [After Zopf.] 
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Genus [1 —Beggiatoa. 


SPECIES. 
UNASSOCIATED WITH DisFasF — 
Beggiatoa alba ; Simple saprophyte 
Beggiatoa mrabilis , ” ” 
Beggiatoa roseo-persicina Chromogenic saprophy te 


Beggiatoa alba, Vauch.—Cocci, rods, spirals, 
and threads (Fig. 127). The threads are longer and 
thicker than  leptothrix, indistinctly articulated, 
actively oscillating, and colourless ; their protoplasm 
contains numerous strongly refractive granules 
consisting of sulphur. They occur as greyish or 
chalk-white gelatinous threads, 3—3°5 yp thick, in 
sulphur springs and marshes. 

Beggiatoa mirabilis, Cohn.— Threads dis- 
tinguished from others of this genus by their 
breadth, which may reach 30 p. They are motile, 
bent and curled in various ways, and rounded at 
the ends, Around the threads isolated cells have 
been observed, ‘“macrococci,” but spiral forms are 
as yet unknown. The threads are filled with 
sulphur granules. They occur on sea water, form- 
ing a white gelatinous scum on decomposing 
algee, etc. 


METHODS OF EXAMINING SPECIES OF BEGGIATOA. 


The articulation of the threads is best demonstrated 
by staining with an alcoholic solution of methyl-violet, 
fuchsine, or vesuvin; or by treating with sodic sulphate, 
or warm glycerine. 


SYSTEMATIC AND DESCRIPTIVE. 357 
Beggiatoa roseo-persicina (Cohknia roseo-perst- 
cina. Bacterium rubescens, or Peach-colouvred bacterium, 


Lankester).—Cocci, rods, spirals, and threads (Fig. 





Fic, 127.—BEGGIATOA ALBA. 


A. Threads at base distinctly linked, partly spiral. B. A thread, spiral in 
C, D. Fragments detached from threads; immotile. 


its whole length, 
E. Active spirillum-forms, with a flagellum at either end. F, G. Thin 
H. A spiral showing the individual links. x 


and short spiral forms, 
540. B[After Zopf.] r 


128). The cocci, globular or oval, reach 2°5 p 
in diam. They form at first solid families, bound 
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together by gelatinous substance. Later they become 
larger, globular or ovoid in shape, and hollow, con- 
taining watery fluid in their interior. The families 
reach a diameter of 660 p, in which the cocci form 
simply a peripheral layer. The hollow families or 
vesicles are often perforated, presenting a delicate 





Fic. 128.—SEVI RAL PHASE-FORMS 01 BFGGIATOA ROSEO~PERSICINA, 
[After Warming ] 


reticulated appearance, which finally may become 
broken up into irregular structures. The red colour- 
ing matter can be distinguished from other red 
pigments, and it is designated by the name bacterio- 
purpurin. It is quite distinct from the pigment 
produced by Bacterium prodigiosum, being peach- 
blossom red, and insoluble in water, alcohol, etc. 
Examined spectroscopically it shows a strong 
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absorption in the yellow, and a weaker band in the 
green and blue, as well as a darkening in the more 
refrangible half of the spectrum. In the cocci, 
especially of the older vesicles, dark granules are 
to be seen, which consist of sulphur. The micro- 
organisms occur on the surface of marshes, or on 
water in which alge are rotting. They form a 
rose-red, blood-red, violet-red, or  violet-brown 
scum; and sometimes in such quantity that whole 


marshes and ponds may be coloured blood-red by 
them. 


All the follow’xg, hitherto described as distinct species, are 
probably only phase-forms of Beggiatoa roseo-persicina. 


Spirillum sanguineum, Cohn (Opkidomonas sanguinea).— 
Threads 3 » and more in thickness with 2—2$ spirals, each g—12 p 
high, with their ends provided with flagella. Their colour is due to 
the presence of reddish granules contained in the cells. They were 
observed in brackish water with putrefying substances. 

Spirillum rosaceum, Klein.—Resembles Spzrillum undula, 
but is reddish in colour; the colouring matter is insoluble in water, 
alcohol, or chloroform. 

Spirillum violaceum, Warming.—Threads, crescent-shaped, 
or possessing 1} or 1 spiral, with their ends broad, rounded, and 
provided with flagella. The colour is due to the contents, which are 
violet. 

Monas vinosa.—Round or oval cells of about 2°5 « in diameter, 
often united in pairs. Their motion is slow and tremulous, and the 
cell substance pale-red, with dark grains interspersed. Flagella 
have not been observed. They were observed in water with decaying 
vegetable matter. 

Monas Okenii.—Short cylindrical cells, 5 » wide, 8—15 p 
long, with rounded ends. They undergo lively movements, each 
end being provided with a flagellum twice as long as,the cell itself. 
They have pale-red cell-substance with dark grains. They occur in 
stagnant water. 

Rhabdomonas rosea.—Spindle-form cells, 3°8—5o » broad, 
20—30 p long. They exhibit slow, trembling movements, having at 
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each end of the cell a flagellum. The cell substance is very pale, 
with dark grains interspersed. In brackish water. 

Monas Warmingii.—Cylindrical cells, rounded at the ends; 
15 » long, 5—8 » broad. They are possessed of a flagellum at each 
end of the cell, and exhibit rapid, irregular movements. The cell- 
substance is pale-red, and studded at the rounded ends with dark- 
red grains. 


Genus L11.—Phragmidtthrix. 


SPECIES. 


UNASSUCIATED WITH DISEASE :— 
Phragmidiothrix multiseptata . . Simple saprophyte. 


Phragmidiothrix multiseptata.— Cocci and 
threads. The latter, 3—6 jp in breadth, are 
separated by transverse partitions into short 
cylindrical discs, whose height is a fourth or 
sixth of their breadth. Repeated transverse and 
longitudinal division takes place in the discs, 
resulting in the formation of cocci. The cocci 
have not been observed isolated from the threads 
in a free state, but they develop z# sztu into 
slender threads. In addition to this continuous 
subdivision, Phragmdiothrix differs from Beggzatoa 
in the absence of sulphur, and from Cvrenothrix by 
its wanting a sheath. They occur attached to crabs 
(Gammarus locusta) in sea water. 
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Genus 1V.—Leptothrix. 


SPECIES. 


ASSOCIATED WITH DISEASE :— 
Leptothrix buccalis : : . Saprophytic. 
Leptothrix gigantea ‘ ‘ P * 


Leptothrix buccalis, Robin. — Long, thin 
threads, *7~—-1 w broad, colourless, often united in 
thick bundles or felted together. Masses of cocci 
occur with the threads, and the threads themselves 
are composed of long rods, short rods, and cocci. 
The threads may break up into spiral-, vibrio-, and 
spirocheta-forms. The last-named occur in large 
numbers in the mouth, and have been named Sfzvo- 
chete buccalis. The Leptothrix buccalis is found 
in teeth slime, and is believed to be intimately 
connected with dental caries. The threads pene- 
trate the tissue of the teeth, after the enamel has 
been acted upon by acids generated by the fer- 
mentation of food. The short rods, long rods, 
cocci, leptothrix-forms, and screw-forms are found 
in the dental canals. 


METHODS OF STAINING THE LEPTOTHRIX RUCCALIS., 


The threads of Leptothrix buccalis have a special stain- 
ing reaction (Leber). They become coloured if in an acid 
medium with iodine ; if the medium be alkaline, it must be 
acidified with very dilute hydrochloric acid or acetic acid, 
and the filaments then stained with iodine. The contents 
are stained violet, and contrast with the sheath and septa, 
which remain uncoloured. 
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Leptothrix gigantea, Miller.— Long rods, 
short rods, and cocci, can be observed in the same 
thread. There are also screw-threads, which may 
take the form of spirals, vibrios, or spirochete. 
The threads increase in diameter from base to 
apex, and corresponding with the thickness of 
the threads, the rods and cocci show different 
dimensions. They have been observed in the 
diseased teeth of dogs, sheep, cats, and other 
animals. 


Grour 1V.—CLADOTRICHEA. 


Genus 1.—Cladothrix. 


SPECIES. 


UNASSOCIATED WI11H DISEASE :— 
Cladothrix dichotoma . ; . Saprophytic. 
Cladothnix Feerste1: . : - 


ASSOCIATED witH Diusrasi :— 
Actinomyces ; : i . Pathogenic. 


Cladothrix dichotoma, Cohn. — Threads re- 
sembling those of leptothrix ; slender, colourless, 
not articulated, straight or slightly undulated, and 
in places twisted in irregular spirals with pseudo- 
branchings. The development can be traced 
from the cocci to rods and threads. The latter 
are at the beginning simple threads, which were 
formerly described as Leptothrix parasitica, or if 
coloured by impregnation with iron, as Leptothrix 
ochracea. Later they form false branches by single 
rods turning aside, which by repeated division 
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lengthen into threads. A thread appears to be 


first composed of long rods, then of short rods, 
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Fic, 129,—CLADOTHRIX DICHOTOMA, 


A. Branching schizomycete :— (a) Vibrio-form; (6) Spirillum-form [slightly 
magnified]. 


B. A screw-form with (a) Spirillum-form; (6) Vibrio-form. 
C. Long spirocheeta-form. 


D, Fragment with spirillum-form at one end, vibrio-form at the other. 


E. Screw-forms: (a) continuous; (6) composed of rods; (¢) composed of 
cocci. 


F. Spirocheeta-form : (@) continuous; (6) composed of long rods (c) short 
rods; (@) cocci. [After Zopf.] 


and lastly of cocci. The iodine reaction must be 
applied to distinguish these forms, especially when 
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the sheath of the threads has a yellow, rust-red, 
olive-green, or dark-brown coloration. The cocci 
may grow into rods while still in the sheath, and 
finally become leptothrix threads, surrounded by 
a delicate gelatinous sheath, from which the false 
branching proceeds. Fragments may break off, 
which are actively motile, and appear as vibrios, 
spirilla, and spirochzta-forms (Fig. 129). They 
may also occur in zooglcea. 

They are the commonest of all bacteria in both 
still and running water, in which organic substances 
are present. They are observed also in the waste 
water of certain manufactures, such as sugar. Ar- 
tificially they can be cultivated on infusions of 
rotting algz and animal substances, forming on 
these media small tufts, about 1—3 p and floating 
masses. 

Cladothrix Feersteri (Stvepiothrix Forstera, 
Cohn).—Cocci, rod-forms, and leptothrix-threads. 
The threads are twisted in irregular spirals, and 
branch sparingly and irregularly. Screw-forms are 
produced by the threads breaking up into small 
pieces. They occur in the lachrymal canals of the 
human eye, in the form of closely felted masses. 


There are some little-known species, which posstbly 
belong to this group. 
Spherotilus natans.—Cells 4— 9 p long, 34 thick, 


united in a gelatinous sheath to form threads. The cells 
comprise rods and cocci-forms ; the cocci are set free, and 
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develop into rods, which again form threads, In the last 
a false branching has been observed. The plasma of the 
cells breaks up into minute, strongly refractive portions, 
which develop into round spores, at first of a red, and 
afterwards a brown colour. They occur in stagnant and 
flowing water contaminated with organic matter, and form 
floating flakes of a white, yellow, rust-red, or a yellow- 
brown colour. 

Myconostoc gregarium, Cohn.—The threads are 
very thin, colourless, unarticulated, but fall apart into 
short cylindrical links when dried. They form gelatinous 
masses, 10O——17 yw in diameter, singly or heaped into slimy 
drops on water in which algz are decomposing. 

Spiromonas volubilis, Perty.—Colourless, trans- 
parent cells, 15-18 pw long. Rapidly motile, and revolv- 
ing round a longitudinal axis. They occur in marsh water 
and putrefying infusions, 

Spiromonas Cohnii.—Colourless cells, consisting 
of 1} spirals, with both ends acutely pointed and provided 
with a flagellum. Breadth of the cells, 1'2—4p. They 
occur in water containing decomposing matter. 
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YLASI-FUNGL OR SACCHAROMYCETIS AND MOULD-FUNGI OR HYPHOMYCE PES 


APPENDIX A 
YEASTS AND MOULDS. 


Yeast-fungz and mould-fungi, like bacterta or fisston-fungt, 
are achlorophyllous Thallophytes. They belong to two 
separate orders, the Saccharomycetes and Hyphomycetes, 
which are intimately related to each other, but quite 
distinct from Jdacteria. Their germs occur widely dis- 
tributed in air, soil, and water, and are constantly en- 
countered in bacteriological investigations. In addition 
many species are of hygienic and pathological interest or 
importance in being either accidentally associated with, 
or actually the cause of various morbid processes. For 
a complete account of all the described species and full 
details of the various forms of development,* reference 
must be made to botanical treatises. A description of 
certain species is appended here, and may afford some 
useful information to the worker in a_ bacteriological 
laboratory. 


YEAST-FUNGI OR SACCHAROMYCETES. 


Saccharomyces cerevisiz (Zorula ccrevisi@).— 
Cells round or oval, 8—g yp long, singly or united in 
small chains. Spores occur three or four together in a 
mother-cell, 4—5 jy in diameter (Plate XXVJIL, Fig. 2). 

Sacch. ellipsoideus.—Elliptical cells, mostly 6 p 
long, singly or united in little branching chains. Two to 


* Sachs, Zext-book of Botany, 1882. 
24 
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four spores found in a mother-cell, 3—-3'5 in diam. It 
is widely distributed, and is the principal agent in ac- 
cidental fermentation. 

Sacch. conglomeratus.—Cells round, united in 
clusters, consisting of numerous cells produced by budding 
from one or a few mother-cells, There are 2 to 4 spores 
in each mother-cell. They occur on rotting grapes and 
in wine at the commencement of fermentation. 

Sacch. exiguus.—Conical or top-shaped cells, 5 w 
long, and reaching 2°5 yu in thickness, in slightly branching 
colonies. Spore-forming cells are isolated, each contain- 
ing 2 or 3 spores in a row. Present in the after-fermenta- 
tion of beer. 

Sacch. pastorianus.—Cells oval or club-shaped. 
Colonies consist of primary club-shaped links, 18—22 
pt long, which build lateral, secondary round or oval 
daughter-cells, 5—-6 yw long. Spores 2 to 4. In the 
after-fermentation of wine, fruit-wines, or fermenting beer. 

Sacch. apiculatus.— Cells lemon-shaped, both 
ends bluntly pointed, 6—8 yw long, 2—3 yw wide. Bud- 
ding occurs only at the pointed ends, Rarely united in 
colonies. Spores unknown. They occur with other yeasts 
in various accidental fermentations. 

Sacch. sphzricus.—Cells varying in form; the 
basal ones of a colony oblong or cylindrical, 1o—15 yp 
long, 5 mp thick; the others round, 5—6 yp in diam. 
United in ramified families. Spores unknown. 

Sacch. mycoderma (Mycoderma cerevisiae et vini). 
—Cells oval, elliptical, or cylindrical, 6—~7 yz long, 2—3 ps 
thick, united in richly branching chains, Spore-forming 
cells reaching 20 p long. Spores 1 to 4 in each mother- 
cell, Forms the so-called “ mould” on fermented liquids, 
and develops on the surface without exciting fermenta- 
tion. When forced to grow submerged, a little alcohol is 
produced, but the fungus soon dies. They occur on wine, 
beer, fruit-juices, and sauerkraut. 

Sacch. albicans (Otdium albicans).—Cells partly 
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round, partly oval or cylindrical, 3°5—-5 jw thick, the 
cylindrical cells 10—-20 times as long as they are thick, 
The bud-colonies mostly consist of rows of cylindrical 
cells, from the ends of which oval or round cells shoot 
out. Spores form singly in roundish cells. They occur 
on the mucous membrane of the mouth, especially of 
infants, in greyish-white patches which consist of epithe- 
lium, bacteria, yeasts, and the mycelia of various moulds, 
They can be easily cultivated in a nutrient solution con- 
taining sugar and ammonic tartrate.* Thecells germinate 
according to the richness of the fluid in sugar ; they either 
grow into long threads, or, in a very strongly saccharine 
solution, many daughter-cells are formed, budding out in 
various directions (Plate XXVIII, Fig. 3). 

Sacch. gtutinis.—Cells round, oval, or short 
cylinders, 5—-11 p long, 4 p wide, isolated, or united 
in twos. Cell-membrane and contents are colourless in 
the fresh state, but when dried and remoistened possess 
a pale-reddish nucleus in the middle. Spore-formation 
unknown. Forms rose-coloured, slimy spots on starch, 
paste, or on sterilised potatoes. The colouring matter is 
not changed by acids or alkalies. 

Sacch. rosaceus (Pink Torula).—Cells 9>—10 p 
in diam. Forms a coral-pink growth in nutrient gelatine, 
nutrient agar-agar (Plate VII., Fig. 3) or on sterilised 
potatoes (Plate XV., Fig. 2). They are present in the 
air. 

Sacch. niger (Black Torula).—Cells also present in 
the air. Cultivated in nutrient gelatine they form a black 
crust (Plate V., Fig. 3). 


MOULD-FUNGI OR HYPHOMYCETES. 


The mould-fungi have been divided into five orders : T 
fTypodermit, Phycomycetes, Ascomycetes, Basidiomycetes, and 


* Grawitz, Virch. Archiv, vol. 70. 
{ Fligge, Kermente u. Mikroparasiten, 1883. 
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Myxomycetes. The following species, with the orders to 
which they belong, are of especial interest :— 


HYPODERMIL 


Ustilago carbo (mildew, smut).— Spores, brown, 
circular ; episporium smooth; sporidia, ovoid cells, The 
spores or conidia occur as a black powder in the ears and 
panicles of wheat, barley, and oats, 

Tilletia caries.—Spores round, pale, brown; epi- 
sporium with reticulated thickenings. In germinating 
sporidia grow out radially from the end of the promy- 
celium ; these, at their lower part, conjugate by a cross 
branch, and separate from the promycelium, and at some 
point of the pair a hypha grows out, on which abundant 
secondary sporidia develop. The latter are long, oval 
cells, which can in turn germinate. The fungus occurs 
in the form of a stinking powder in grains of wheat, 
which renders the meal impure, and gives it a disagree- 
able smell, 

Urocystis occulta.—The spores consist of several 
cells united together ; partly large, dark-brown cells in the 
interior, and outside, several flat, semicircular, colourless 
cells, Spores,‘024 mm. Promycelium germinates as in 
Tilletia, but the cylindrical cells produce a hypha, without, 
as a rule, previous conjugation. Occurs asa black powder 
in rye straw, in long disintegrated stripes, which are at 
first greyish. The affected plant produces abortive ears. 

Empusa muscz —Spores, ‘ori mm. in diam. A 
spore or conidium alighting upon the white area of the 
under surface of the body of the house-fly, germinates 
into a hypha, The latter, penetrating the skin, forms 
toruloid cells, which multiply by germination, and are 
disseminated in the blood throughout the body of the fly. 
These cells again grow into hyphz, which penetrate the 
skin, each forming a conidium, which is cast off with con- 
siderable force. The parasite is fatal to flies, especially 
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in the autumn. They are often observed attached to the 
walls or window-panes, surrounded by a powdery sub- 
stance, consisting of the extruded conidia. 

Empusa radicans.—tThe spores form long hyphe, 
which pierce the transparent skin of the caterpillar of the 
cabbage-white butterfly. The terminal cells ramify, and 
fill the body of the caterpillar with a network of mycelial 
filaments. The caterpillars attacked become restless, then 
motionless, and death ensues. 

Tarichium megaspermum.—tThe spores are ‘05 
mm. in diam., black in colour, and provided with a 
thickened episporium. They occur at the sides and ends of 
mycelial threads, attacking caterpillars (Agrotis segetum). 


PHYCOMYCETES, 


Saprolegnia.—Colourless threads, formingdense radi- 
ating tufts, occur on living and dead animal and vegetable 
matter in fresh water. The filaments penetrate into the 
substratum, and branch more or less in the surrounding 
water, The cylindrical ends of threads are shut off by 
a septum-forming zoosporangia, or mother-cells, in the 
interior of which a number of spherical spores, zoospores, 
develop. These are set free through an apical opening in 
the thread, and, after a time coming to rest, give rise to 
new plants (Plate XXVIIL., Fig. 4). In the sexual mode 
of reproduction, a spherical bud, the vogonzum, develops 
at the end of a mycelial thread ; from the thread, small 
processes or antheridia sprout out laterally towards the 
oogonium, and blend with its protoplasm (Plate XXVIIL, 
Fig. 4). The latter breaks up into a number of oospores, 
which clothe themselves with a membrane, while still 
within the mother-cell, and, eventually being set free, 
grow into fresh mycelial filaments. The parasite attacks 
fish and tritons, and produces a diseased condition of the 
skin, which may be ultimately fatal. In salmon it pro- 
duces the common disease of salmon. 

Peronospora infestans.—Mycelium, ‘oo5 mm, in 
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thickness. Twigs with as many as five branches, each 
bearing an egg-shaped conidium. The contents of the 
conidia falling off and reaching a drop of moisture, break 
up into a number of swarming zoogonidia, which in turn 
develop upon plants. Fixing themselves to the cuticle 
of the host, they throw a germinating filament into an 
epidermal cell; piercing first its outer wall, and then its 
inner wall, the filament reaches an intercellular space, 
where the mycelium develops. This continues to grow 
and spread throughout the plant. In tubers it can hiber- 
nate and develop in the young shoots in the following 
spring. The parasites appear in the form of brown 
patches on the green parts of the plants, especially the 
leaves. The attacked parts wither and turn yellow or 
brown in colour. If the under surface of a diseased leaf 
be examined, a corresponding dark spot may be observed, 
accompanied with a faint greyish-white bloom which covers 
it. The latter consists of the conidia-bearing branches of 
the fungus. 

Pilobolus.—Hyphez, 1—2 mm. high. Fruit-hyphe, 
possessing spherical receptacles containing conidia. When 
ripe the receptacles with their conidia are detached at 
their bases, and spring by their elasticity to some distance. 
The mould occurs as glassy tufts on the excrement of 
cows, horses, etc. A cultivation can generally be obtained 
by keeping fresh horse-dung under a bell-glass. 

Mucor mucedo.—Hyphz colourless, simple or 
branched, 1—15 cm. long; sporangia are yellowish-brown 
or black, Spores ovoid, 008 mm. long and ‘0037 wide. 
Occurring as the familiar white mould on fruits, bread, 
potatoes, excreta, and penetrating into the interior of 
nuts and apples. A network of fibrils develops in the 
substance of nutrient gelatine, with formation of sporangia 
on the freesurface. The germination of the spores and 
development into hyphz can be observed in a few hours, 
if the fungus be cultivated in a decoction of horse-dung. 

Mucor racemosus.—Hyphz, at most 1's cm. long; 
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sporangia, yellowish to pale-brown; spores round. By 
continued cultivation in liquids saturated with carbonic 
acid, the hypha becomes shorter, and exhibits a yeast-like 
sprouting. These yeast-like or toruloid cells can, when 
the carbonic acid is withdrawn, germinate into normal 
mycelium. 

Mucor stolonifer, Lichtheim—Mycelium grows in 
the air, and then bends down and re-enters the nutrient 
substratum ; sporangia black and spores globular. The 
mycelium can penetrate through the shell of eggs, and 
form conidiophores within them. 

Mucor aspergillus, Lichtheim. — Fruit-hyphe, 
thinned at the base, and with many fork-like divisions ; 
dark-brown spores, 

Mucor phycomyces, Lichtheim.—Mycelium thick- 
walled; olive-green fruit-hyphze, black sporangia, and 
oblong spores. 

Mucor macrocarpus, Lichtheim.—Spindle-formed, 
pointed spores. 

Mucor fusiger, Lichtheim.—Ovoid spores. 

Mucor mellittophorus, Lichtheim—Spores ellip- 
tical. Found in the stomach of bees, 

Mucor corymbifer, Lichtheim—Forms branched 
fruit-hyphz ; sporangium has a smooth membrane. Found 
in the external auditory meatus; occurring also upon bread. 
Pathogenic in rabbits. 

Mucor rhizopodiformis, Lichtheim—Occurs on 
bread. The spores of Mucor rhisopodiformis and Mucor 
corymbifer, when introduced into the vascular system of 
rabbits, can germinate in the tissues, especially in the 
kidneys, where they set up hzmorrhagic inflammation. 
Dogs are immune, and only artificial mycosis is known.* 


*Lichtheim, Zezstehr. f. Klin. Med., vii.; Huickel, Beitr, & 
Anat. u. Phys., herausgeg. v. Ziegler u. Nauwerck® 1685, 
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ASCOMYCETES, 

Oidium Tuckeri.—Fruit-hyphz,bearing single ovoid 
conidia. Observed in the form of brown patches, covered 
with a white mildew-like layer on the leaves, branches, and 
young fruit of the vine, producing a “ grape-disease.” 

Oidium lactis.—Fruit-hyphz, simple, erect, and 
colourless, bearing at their ends a series or chain of 
conidia (Plate XXVIII, Fig. 5). In some cases the fruit- 
hypha branches beneath the chain of spores. Spores are 
short cylinders, ‘0077—o108 mm. long. The fungus 
is sometimes found as a whitish mould on milk, bread, 
paste, potato, and excrement, and is believed to be iden- 
tical* with the fungus of certain human skin diseases, 
Favus (Achorion Schocnleiniz), Herpes tonsurans (Tri- 
cophyton tonsuvans), and Pityriasis versicolor (Microsporon 
Surfur) (Plate XXVIII, Fig. 6). Cultivated artificially in 
nutrient gelatine, the conidia germinate into filaments of 
varying length, which by subdivision form septate 
mycelial hyphz ; these and their branches give rise in 
turn to spores or conidia. The differences observed in 
various diseases are attributed to differences in the nutrient 
substratum. Others{ maintain that, in artificial cultiva- 
tions of the spores of Zricophyton tonsurans, the fructifica- 
tion is identical with Penicillium. 

Oidium albicans.—vVide Saccharomyces albicans. 

Aspergillus glaucus (Zurotium aspergillus glau- 
cus).——Mycelium, at first whitish, becoming grey-green 
or yellow-green. Spores grey-green, thick-walled, ‘oo9 
—O15 mm. in diam. Sometimes found on various 
substances, chiefly cooked fruit (Plate XXVIII, Fig. 10). 

Aspergillus repens (Zurotium repens, De Bary). 
—Fruit-heads fewer than in the above, which are at first 
pale and then blue-green to dark-green in colour ; conidia 
mostly oval, smooth, ‘o0o5——’008 mm. long, colourless or 
pale to grey-green. 


“ Grawitz, Virchow’s Archiv, vol. 70. 
t Morris and Henderson, Yourn. Royal Microsc. Soczeéy. 1883. 
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Aspergillus flavus.—Gold-yellow, greenish, and 
brown tufts; fruit-heads round; yellow, olive-green, or 
brown. Conidia round, seldom oval; sulphur-yellow to 
brown in colour, ‘005——007 mm. in diam. Saprophytic 
in man, pathogenic in rabbits. 

Aspergillus fumigatus. — Greenish, bluish, or 
grey tufts. Fruit-heads long and conical. Conidia round, 
seldom oval, smooth, mostly pale and colourless. Diam. 
‘0025 to ‘(003 mm. Observed saprophytically in human 
lungs, external auditory meatus, and middle ear. The 
spores introduced into the vascular system of rabbits, or 
into the peritoneal cavity, establish metastatic foci in the 
kidneys, liver, intestines, lungs, muscles, and sometimes in 
the spleen, bones, lymphatic glands, nervous system, and 
skin. 

Aspergillus niger (Eurotium aspergillus niger, De 
Bary).—Dark chocolate-brown tufts. Conidia round, 
black-brown, or grey-brown, when ripe ; 0035 to‘oo5 mm. 
This mould can be cultivated readily on bread moistened 
with vinegar, on slices of lemon, and on acid fruits and 
liquids, It flourishes best of all, according to Raulin,” in 
a liquid of the following composition :— 


Giammes. 
Water . : : . 500° 
Sugar-candy . : ; : : 70° 
Tartaric acid : : 4° 
Nitrate of ammonia ; 4° 
Phosphate . ; : : ‘6 
Carbonate of potassium . 6 
» Magnesium ; "4 
Sulphate of ammonia . ; "25 
- » zinc : ; "07 
is » ion , ; : ‘O07 
Silicate of potassium .. . , ‘07 


It was also found that the fungus grew best when the 
quid was spread out in a layer 2 or 3 cm. in depth ina 


* Duclaux, Health Exhibition Handbook. London: 1884. 
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shallow dish, and a temperature of 35° C. proved to be 
the most favourable. The abstraction of zinc from the 
nutritive liquid reduced the weight of a crop from 25 (the 
average) to 2 grammes, and the presence of rsho00 
part of nitrate of silver, or zg4oq9 part of corrosive 
sublimate, stopped the growth altogether. It is sapro- 
phytic in the living body. 


METHOD OF EXAMINING ASPERGILLUS NIGER, 


Species of aspergillus stain intensely with carmine, 
fuchsine, or methyl-violet ; but toexamine Aspergtllus niger 
with a high-power, a little special technique is employed, 
as follows:—A drop of glycerine is placed on a clean 
slide, and a drop of alcohol on a cover-glass, With a 
fine pair of forceps a few of the fruit-hyphe with their 
black heads are immersed in the alcohol. The cover- 
glass is then turned over on to the drop of glycerine, and 
the slide held in the flame of a Bunsen burner till the 
spores or conidia are dispersed. To make a permanent 
preparation, remove the cover-glass, and transfer the fruit- 
hyphz so treated to a mixture of glycerine and water 
(1 to §) ; a drop may be conveniently placed ready on a 
slide provided with a ring of Canada balsam. The speci- 
men is then permanently mounted by employing a circular 
cover-glass, and surrounding it with a ring of cement in 
the usual way (Plate XXVIIL, Figs. 8 and 9). 

Aspergillus ochraceus.—At first flesh-coloured, 
and then ochre-yellow heads, 

Aspergillus albus.—Pure white fruit-heads. 

Aspergillus clavatus.—Club-shaped fruit-heads 
on long stems. 

Penicillium glaucum.—Occurs as a white, and 
later a blue-green mould, on which dew-like drops of 
liquid may appear (Plate XIV., Fig. 2), Its spores are 
present in large numbers in the air, and are liable to 
contaminate cultivations. Diam. of the spores ‘0035 mm. ; 
threads vary in diameter between ‘004 and ‘00071 mm., 
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according to the nourishing material; the fruit-hypha 
bears terminally a number of branched cylindrical cells, 
from which chains of greenish conidia are developed 
(Plate XXVII, Fig. 7). It is the commonest of all 
moulds, 

Botrytis Bassiana.—Hyphe and spores colour- 
less) Hyphz usually simple, but sometimes united in 
arborescent stems (Plate XXVIII, Fig. 11). It is the 
cause of muscardine, a fatal disease of silkworms, and 
occurs also in various other caterpillars and insects. 


UNCLASSED. 


Chionyphe Carteri—Mycelium, penetrating the 
skin and subcutaneous tissue, sets up suppuration and 
ulceration. Described as the cayse of a disease known in 
India as “ madura-foot.” 


APPENDIX B. 


ACTINOMYCES. 


Actinomyces is a fungus associated with a disease occur 
ring occasionally in man and very commonly in cattle. 
The micro-organism appears in the form of a rosette of 
pyriform or club-shaped elements, and hence the name 
“ray-fungus,” 

The fungus is believed to commonly effect an entrance 
by the mouth, being taken in with the food, possibly 
through the medium of a wound of the gum or a carious 
tooth. In whatever manner it has gained access to the 
living organism, it sets up inflammation in its neighbour- 
hood, resulting in the formation of a neoplasm, composed 
chiefly of round cells. The nodules may break down and 
suppurate, or go on increasing in size. Fibrous tissue 
develops between the nodules, and large tumours often 
result, containing purulent cavities and excavations. In 
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the slimy detritus the little pale-yellow grains of fungus 
can be detected. In cattle the lower jaw is usually 
affected, and then the upper jaw and neighbouring parts. 
The organism may also occur in nodular tumours in the 
lung, subcutaneous and intermuscular tissues, It is the 
cause of “ wens” and “wooden tongue,” and also of other 
diseases of cattle which have been variously described 
before their true nature was understood as bone-canker, 
bone-tubercle, osteo-sarcoma, etc. 

In man the pulmonary formations tend to break down 
early, forming fistulae and sinuses, with the clinical cha- 
racter of empyema. In some cases there are symptoms 
of chronic bronchitis with foetid expectoration. In other 
cases the disease, originating in the lung, spreads to the 
prevertebral tissues. If the actinomyces invade bones, 
as has been especially observed in the bodies of the 
vertebrze, caries results. The organism has been known 
to produce disease of the intestinal canal. The fungus 
has also been detected in the crypts of the tonsils of 
healthy pigs, and a similar, if not identical, one in the 
spermatic duct of the horse.* 

The disease has been transmitted from cattle to cattle 
by inoculation,t and rabbits have been infected by means 
of pieces of actinomycotic tumours from human subjects, 
introduced into the peritoneal cavity. 


THE FUNGUS IN CATTLE. 


Examination in the Fresh State. 


The fungus may be detected with the naked eye in 
the muco-purulent discharge, or in a scraping from the 
cut surface of a growth. The tufts of the fungus vary 
in size under different circumstances, from that of a grain 
of fine sand, td that of a pin’s head. If the pus or scraping 

* Johne, Bericht uber das Veterinadrwesen tm Konigreich Sachsen 


fur das Fahr. 1884. _ 
+ Johne, Deutsche Zettschr. f. Thtermedicin. 1881. 
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be spread out on a slide and examined against a dark 
background, the grains appear to be white or yellowish- 
white in colour ; but if examined by transmitted light, they 
appear distinctly brownish. On pressing the cover-glass 
on the slide the grains readily flatten out, being of a soft 
tallowy consistency ; or in the process of gently pressing 
the cover-glass on the slide with slight lateral movement, 
a distinct gritty sensation is transmitted to the finger, 
owing to the presence of calcareous matter. On examina- 
tion with a low power the fungus will be recognised in 
the form of irregular patches scattered over the field, 
which might readily be regarded as collections of granular 
débris of a brownish or yellowish-brown colour, but on 
careful examination this apparent granular déris is ob- 
served to have a more or less characteristic appearance. 
On examining with a higher power, spherical, ovoid, or 
reniform bodies are to be seen which are either typical 
rosettes of clubs or granular masses, with here and there 
a club-shaped body at the periphery. Pus cells, round 
cells, fat granules, and minute spherical bodies may also 
be distinguished. If the grains consist of typical rosettes, 
and be merely covered with the cover-glass, and examined 
without being flattened out between the cover-glass and 
the slide, they will recall to mind, on focussing in turn 
the centre and the periphery, the appearance of the 
capitulum of a composite flower. The central portion 
appears to consist of spherical forms; these are the ex- 
tremities of the component elements, and as we focus the 
edge of the rosette these elements are seen laterally, and 
their characteristic club-form is readily distinguished. The 
central portion may be flattened against the cover-glass, 
and as the individual clubs vary considerably in size, the 
appearance of an irregular mosaic is produced (Plate 
XXVIIL, Fig. 1). 

By pressing upon the cover we break up the rosette, 
and then the clubs are recognised either singly or in twos, 
or attached together in the form of wedge or fan-shaped 
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segments. Calcareous material, if present, may readily 
be demonstrated by the action of acids. It will be found 
that on the addition of hydrochloric acid, nitric acid, or 
acetic acid, the calcareous deposit is dissolved while the 
clubs are not affected, and even with the addition of the 
strongest acids the only result will be to dissolve out 
the calcareous matter and clarify the tufts of the fungus, 
the form of the clubs being still recognisable. They are 
not affected by ether or potash, and thus the effects of 
chemical reagents clearly distinguish them from fat crystals 
or calcareous particles. By breaking up the growth into 
small fragments, we may readily study the shape of the 
individual club-like elements. By using high power ob- 
jectives, and properly arranging the illumination, various 
forms will be clearly delineated. In some cases the club 
will be found to be bifid at the extremity; in other cases 
there are lateral offshoots or daughter-clubs. Here and 
there will be found clubs closely pressed together like a 
bunch of bananas, and in other cases the broken-off pieces 
have a palmate form. By teasing out the grains in water, 
and pressing them apart between the slide and cover-glass, 
we find that the central portion is composed, as a rule, 
of a structureless core. More rarely there are the delicate 
filaments which are found in the disease in man. 

If the grains be mounted in glycerine, the appearance 
of the organism in the fresh state may be preserved. 

The granules may be stained by picking them out 
with needles and transferring to a watch-glass containing 
alcohol, to which a few drops of concentrated alcoholic 
solution of eosin have been added. They remain in the 
solution until distinctly stained, and they are then placed 
on a glass slide in a drop of glycerine. 

The muco-pus may be spread out into as thin a film 
as possible en a cover-glass, allowed to dry, fixed by 
warming slightly over the flame, and stained by the 
methods of Plaut or Gram. The characters of the fungus 
can be so readily recognised in the perfectly fresh state 
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that methods of staining are in diagnosis of secondary 
importance, though there are certain minute points which 
can only be satisfactorily determined by means of suitable 
dyes, 


Cultivation Experiments. 


Repeated attempts by the author to cultivate the 
fungus from bovine specimens have failed. A section of a 
tongue, for example, may be made with a sterilised knife, 
a small portion of the growth transplanted on such media 
as blood serum, nutrient gelatine, and nutrient agar-agar. 
The little pieces of tissue remain without showing any 
visible growth ; and though on microscopical examination 
the presence of the clubs can still be demonstrated, there 
is no distinct evidence of any increase of the fungus. 


PREPARATION AND EXAMINATION OF TISSUES. 


In order to examine the microscopical appearances, the 
tissues should be hardened in absolute alcohol and em- 
bedded in celloidin. The sections, when stained, are to 
be dehydrated as a rule in strong spirit instead of absolute 
alcohol, as the latter dissolves the celloidin. If the sections 
are very friable, they can be cleared with clove-oil on the 
slide. By these means the little fungus tufts, which have 
a great tendency to fall out of the sections, may be pre- 
served im situ after passing through the various staining 
processes. To cut the sections, we can use either Jung’s 
microtome cutting in alcohol, or the freezing microtome. 
In the latter case, after the celloidin has hardened it is 
necessary to shave off all that surrounds the piece of 
tissue. It is placed in water until it sinks, and then 
transferred to gum and frozen and cut in the ordinary 
way. 

Staining Methods. 

There are several methods by which the organism can 

be stained in the tissues, but it is best to employ for 
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this purpose Gram’s method and modifications of Plaut’s 
method. 

Grams Method—By Gram’s method the clubs in the 
bovine disease are distinctly stained, especially if the 
sections contain the fungus at a suitable stage. Use 
freshly prepared staining solution. A few drops of 
aniline-oil are placed in a test-tube, which is filled up 
with distilled water, the mouth of the tube closed with 
the thumb, and the mixture shaken up thoroughly. An 
emulsion forms, which is then filtered until a perfectly 
clear solution of aniline-water is obtained. To this is 
added, drop by drop, an alcoholic solution of gentian- 
violet until precipitation commences. About fifteen to 
twenty drops in a small capsule of aniline-water will be 
sufficient. Sections are floated in this dye for about ten 
minutes, then transferred to iodine-potassic-iodide solution 
until they turn brown like a tea-leaf. They are then 
decolorised in alcohol ; then stained in a weak alcoholic 
solution of eosin, dehydrated in strong commercial alcohol, 
cleared in clove-oil, and mounted in balsam. It will be 
found that the clubs are stained blue, and that there is 
a central area, which is, as a rule, tinged by the cosin. 
There are various modifications of the method, and some 
of them are extremely successful in affording not only a 
picture of the fungus, but also the structure of the sur- 
rounding tissue. Very instructive results may be obtained 
by combining the method of Gram with Ehrlich’s his- 
tological stain. In this case, after the section has been 
decolorised in alcohol, it is ready to be transferred to 
logwood and treated as described below (p. 385). 

Weiger’s Method—This also gives very beautiful 
results, The sections are placed for an hour in Wedl’s 
solution of orseille, which is prepared as follows :—Add 
liquid extract of orseille to a mixture of absolute alcohol 
20 parts, strong acetic acid 5 parts, distilled water 
40 parts, until a dark-red liquid results. This must’ be 
filtered before use. The sections are left in this solution 
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for an hour, then just rinsed in alcohol, and transferred 
to a solution of gentian-violet. Such sections show the 
nuclei of a violet-blue colour, and the peripheral part of 
the central core in the larger masses of the fungus also 
takes a blue colour, while the club-shaped structures are 
stained a striking wine-red colour (Plate XXIX.). 

Plaut’s Method and Modifications.—This is one of the 
most valuable methods for staining the clubs. The original 
method was to float sections for ten minutes in magenta 
Solution warmed to 45° C. This solution consisted of 
magenta 2 parts, aniline-oil 3 parts, alcohol of specific 
gravity 0°830, 20 parts, distilled water 20 parts (Gibbes). 
The sections were then rinsed in water, stained in con- 
centrated alcoholic solution of picric acid for from five 
to ten minutes, immersed in water five minutes, 50 per 
cent. alcohol ‘fteen minutes, passed through absolute 
alcohol and clove-oil, and preserved in Canada balsam. 
The clubs are stained a brilliant red and the tissue yellow. 
Instead of employing the magenta solution, we now use 
Ziehl-Neelsen solution (Plate XXX.). 

By removing the picric acid in Plaut’s method by 
prolonged immersion in alcohol, and then staining with 
gentian-violet or methylene-blue, a very successful con- 
trast can be obtained. The most instructive histological 
picture can be obtained by first staining with Neelsen’s 
solution, removing the stain from the tissue in the way 
that has been already described, and then transferring the 
sections to distilled water, and subsequently staining with 
Ehrlich’s histological stain. 

Ehrlich’s New Histological Stain.—This is a combina- 
tion of Ehrlich’s logwood with orange-rubin. It is of 
especial value for sections of actinomycosis, and par- 
ticularly in combination with carbolised fuchsine. It is 
employed in the following way :—The sections must be 
placed in alcohol or distilled water, and then in Ehrlich’s 
logwood for about half a minute. From this solution 
they are transferred to distilled water, washed to remove 
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the excess of stain, and then placed in a large dish of 
tap-water, where they are left for half an hour or more, 
until the sections turn blue ; if preferred, they may be 
left overnight. They are then stained for one or two 
minutes in a solution of rubin. S, and orange, and washed 
again in distilled water to remove the excess. They 
must then be dehydrated in alcohol, cleared in clove-oil, 
and mounted in balsam. 


Preparation of Large Sections. 


The method of cutting large sections of organs, which 
has somewhat recently been introduced, is one which may 
be very advantageously employed in studying actinomy- 
cosis. The value of these sections depends, not only 
upon their affording an instructive picture of the naked- 
eye appearances, but,they can also be studied with a 
pocket lens, or under the microscope with a } or 3-in. 
objective By staining the sections the relation of the 
morbid to the healthy structures is brought out in greater 
contrast, and thus the topography of the disease can be 
studied more minutely than by simply observing the cut 
surfaces of organs or growths. And, further, it affords 
a means of rendering permanent many of the instructive 
appearances observed at the autopsy, without preserving 
the whole structure in the form of a museum specimen. 
Very satisfactory results can be obtained with material 
hardened either in spirit or Muller's fluid. The fresh 
material is cut with a large keen-edged knife into slices 
about a quarter of an inch, or less, in thickness. These 
slices are placed between filter-paper in large porcelain 
dishes, such as are employed for photographic purposes, 
and well covered with the hardening solution, which 
should be frequently changed. By covering the slice 
with a small pane of glass, which is lightly weighted, any 
curling or turning up of the edges is prevented, and the 
slice not only kept flat, but hardened with smooth sur- 
faces. Several weeks are required for hardening in 
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Miiller’s fluid. The slices, after a short time in water, 
are placed in gum, and then frozen and cut; the slices 
which are hardened in alcohol are soaked in water until 
all trace of the spirit has been removed. A large micro- 
tome on the Bruce model is used to freeze and cut the 
sections. But in some cases it will be found better to 
embed the slices in celloidin, and cut under alcohol with 
a large microtome of Jung’s pattern. The sections are 
carefully removed from the blade of the knife with a 
large camel’s-hair brush, and in the case of frozen 
sections floated in water. 

The next process is to float a section out in spirit, and 
with the camel’s-hair brush to unfold it and spread it out 
on a sheet of glass. The glass with the section is lifted 
out and examined, and if the section is sufficiently thin, 
transferred t> the staining solution, In the same way the 
section is passed through the various stains, as it should 
be prevented from rolling up or folding in the dye, or it 
may not be evenly stained throughout. Modifications of 
this process will suggest themselves, such as pouring off 
the dye and leaving the section spread out at the bottom 
of the dish, and then using the same dish for the next 
process. The sections are so easily injured, that it 1s 
better, as much as possible, to avoid handling them. If 
the sections are only a few inches in diameter, such as 
transverse sections of the anterior portion of the tongue of 
an ox, they can readily be transferred from dish to dish 
by means of a large spatula made by soldering a piece of 
sheet German silver to thick copper wire. 

To stain them employ carbolised fuchsine and picric 
acid, or alum cochineal, or logwood and orange-rubin. 
The processes of staining are precisely the same as with 
ordinary sections ; but, from their unusual size, experience 
and practice are.required in their manipulatigqn. 

When the section is dehydrated, it is ready to be cleared 
in clove-oil. The glass on which it is to be permanently 
mounted should be selected without scratches or flaws, 
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and thoroughly cleaned and polished. It is slipped under 
the section, which is evenly spread out upon it, and then 
lifted out of the dish. The excess of spirit is drained off, 
the glass placed on a level surface, and clove-oil poured 
on the section. It is left until completely clarified; the 
clove-oil, as much as possible, drained off, and the rest 
entirely removed by gentle pressure with several thick- 
nesses of best filter-paper. In this way several large 
sections can be cleared at the same time. But when only 
one or two sections are dealt with, they are cleared in clove- 
oil in a dish, and the mounting glass at this stage passed 
underneath them as already described. Another plan 
which will be found of advantage is as follows :—A piece 
of clean thick filter-paper rather larger than the section 
is slipped underneath it, and then raised with the section 
upon it. After allowing the excess of clove-oil to drain 
back into the dish, it is carefully laid on the glass with the 
section downwards, and gently pressed down. By taking 
up a corner, the filter-paper is peeled off, and the section 
left behind on the glass. Any creases or folds are adjusted 
with needles. After removal of the clove-oil, balsam is 
run over the section, and a cover-glass gently and dexte- 
rously lowered, so as to avoid the presence of air-bubbles. 
The preparations are set aside to harden in a warm place 
and on a level surface, and are then ready for fixing in 
suitable frames. 


Naked-eye Appearances of Large Sections. 


In the sections of an actinomycotic tongue it is at once 
apparent that the new growth is more or less limited to 
the periphery of the section. In parts there are dense 
clusters of little nodular neoplasms, the fungus systems, 
each having a rounded form, and averaging in size that 
of a small pea. In other parts small nodules, varying 
in size from a millet-seed to a hemp-seed, have a linear 
arrangement between bundles of muscular fibres. The 
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appearance is suggestive of an invasion of the tongue 
along the lymphatics. 

In many of the nodules the largest tufts of the fungus 
can be seen, with the naked eye, to occupy a more or less 
central position. In parts the muscular fibres are replaced 
by fibrous tissue. 

If now these sections be placed under the microscope, 
the minute structure may be examined; but as itis obvious 
that still better results may be obtained by small sections, 
any part which it is necessary to examine with high powers 
can be selected from a corresponding part of the pow 
and prepared in the ereinaty Way. 

In the case of a “wen” the whole growth can be excised 
with the surrounding tissues, sliced and treated in the way 
already described, and sections stained by different methods. 

The natu.e of the growth is at once recognisable as 
actinomycosis from the characteristic honeycombed appear- 
ance produced by the trabecule of fibrous tissue which 
form a spongy structure, from the loculi of which the 
fungus tufts and caseous matter have for the most part 
dropped out. In other parts this structure is intact, and 
the tufts of the fungus can be detected with the naked eye, 
and readily recognised with a pocket lens. 

A fungus system may be studied more minutely in 
ordinary sections of the tongue. Each nodule is composed 
of the actinomyces surrounded by round cells and epithe- 
loid cells, and beyond this fibrous tissue often forming a 
distinct capsule. In some specimens the fungus is sur- 
rounded by a single row of large multinucleated cells, and 
in other specimens the fungus is found in the interior of 
large oval giant cells. 


THE FUNGUS IN MAN. 


Examination in the Fresh State. 


A close examination of pus from a case of actinomy- 
cosis reveals the yellowish grains which a casual observer 
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might mistake for grains of iodoform. On collecting 
some of the discharge in a test-tube, and holding it 
between the light and the eye, the tufts of fungi appear 
as brownish or greenish-brown grains, embedded in a 
mucopurulent matrix. 

On spreading some of the discharge on a glass slip, 
and examining in the same way described for the bovine 
disease, the largest tufts of the fungus are found to be 
about the size of the head of a small pin. They have a 
distinctly sulphur-yellow colour by reflected light, but 
appear of a yellowish or greenish-brown tint by trans- 
mitted light. With a needle or a platinum wire flattened 
at the end into a miniature spatula, the grains can be 
readily picked out of the discharge, or taken off the 
dressing, transferred to a clean slide, and gently covered 
with a cover-glaes. Examined with an inch objective, 
they have the appearance of more or less spheroidal 
masses of a pale greenish-yellow colour. On removing 
the preparation from the microscope, and gently pressing 
down the cover-glass with the finger, the grains flatten 
out like specks of tallow, and on again examining with 
the same power they are found to have fallen apart into a 
number of irregular and sometimes wedge-shaped frag- 
ments of a faintly brown colour, affording a characteristic 
appearance. By preparing another specimen, and cover- 
ing it with a cover-glass without completely flattening out 
the grains, the spherical, oblong, and reniform masses of 
which the tufts are composed can be recognised with a $th 
in, objective, like the rosettes of clubs which are observed 
in cattle. By examining the peripheral part of a rosette 
with a ysth in. and especially after pressing the grains 
into a thin layer, with or without the addition of a drop 
of glycerine, the characteristic clubs are most readily 
demonstrated, and the most varied shapes observed by 
carefully examining the form of the individual elements. 
As in the bovine fungus, every variation in form is found 
from single clubs to clubs with lateral offshoots, clubs 
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bifid at the extremity, palmate or fan-shaped groups, and 
banana-like bunches. In many cases the clubs are 
divided by transverse fission into two, three, or more 
segments. As a rule, the clubs are irregular in shape, and 
of about equal size, while a few are conspicuous by their 
length. In other parts of a preparation the clubs are 
replaced by long slender forms, which are sometimes 
transversely divided into a number of short links. With 
suitable illumination many clubs are seen to taper off 
into slender filaments. In addition there are free fila- 
ments, which are twisted, branched, and sometimes 
distinctly spirilliform. Many of the clubs are composed 
of layers differing in their refractive power, and many 
have the appearance of a central channel. There are 
also in the preparation small highly refractive bodies, fat 
granules, granular detritus, round cells, pus cells, and 
sometimes blood corpuscles (Plate XXX1.,). 

The grains differ, as a rule, from those from a bovine 
source, in the absence of that sensation of grittiness so 
often transmitted to the finger when pressing the cover- 
glass upon them, and in the slightly greater tendency of 
the tufts to retain their compact form. By teasing the 
grains in a drop of water on a slide, and examining 
the preparation with a sixth or a twelfth objective, the 
explanation of the latter is forthcoming, for by this process 
the clubs are gradually washed away, and a central core 
remains which is composed entirely of a dense network of 
filaments. This can readily be observed by using a small 
diaphragm, and it will be found that the rosettes of clubs 
are now replaced by tangled masses having some resem- 
blance to miniature tufts of cotton-wool. These filaments 
constitute the mycelial network which is seen in sections 
stained by the method of Gram; this can be readily 
verified by making a cover-glass preparation,of the grains 
and staining by that method. The characters of the 
fungus can readily be studied by proper illumination with- 
out staining. The clubs have a faintly greenish tint, and 
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in form and arrangement are quite characteristic and easily 
recognisable. Permanent preparations may be made by 
mounting the fungus in glycerine. 


THE FUNGUS IN STAINED SPECIMENS. 


The fungus may be stained in alcoholic solution of eosin, 
in the manner already described for the bovine organism, 
or in orange-rubin, and in either case mounted in glycerine. 
But although the fungus can be detected without any 
staining process, there may sometimes be doubtful appear- 
ances, and then cover-glass preparations should be made 
and stained by the method of Gram and eosin. The 
filaments can be readily recognised, and this is of great 
value, as it forms an additional means for the diagnosis of 
the disease. In combination with orange-rubin we have 
a test that is as characteristic and useful as staining for 
tubercle bacilli. The discharge, scraping from a growth, 
sputum, or the isolated fungus is squeezed between two 
cover-glasses, which are then slid apart ; they are allowed 
to dry, passed through the flame in the ordinary manner, 
and then stained. The cover-glasses can be cleared in 
clove-oil, the excess of clove-oil being removed by gentle 
pressure between pieces of blotting-paper, and then the 
preparation can be mounted in balsam and rendered per- 
manent. On examination of these specimens the masses 
of filaments will be found to be stained blue, and the tissue 
elements pink. These filaments vary very much in extent 
and character in different preparations. In some cases 
there are masses of short threads which are straight, or 
sinuous, or twisted, and sometimes branched. In other 
parts the field is occupied by very short, straight, or curved 
and sometimes spiral fragments ; in others, again, there are 
comparatively,long strands. On examination with a high 
power, and with careful illumination, some filaments will 
be observed to be moniliform, while others are provided 
with a terminal oval body. There are also free spherical 
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round bodies stained blue, which possibly represent the 
spores of the organism. If orange-rubin be used instead 
of eosin, the clubs will be stained and easily recognised. 
And this method enables one to determine the cxact 
relation of the threads to the club-shaped bodies. This 
is an interesting point, as it has been suggested that the 
threads are not connected with the clubs, but are merely 
an adventitious micro-organism growing in the track of 
the ray-fungus. The threads are stained blue and the 
clubs crimson (Plate XXXIJ.). In the younger clubs the 
protoplasm of the thread can be traced into the interior 
of the club. In some of the older clubs the central portion 
takes a yellowish stain, and in others the protoplasm is not 
continued as a thread, but is collected into a spherical, 
ovoid, or pear-shaped mass. In others, again, irregular 
grains, stained -'ue, are scattered* throughout the central 
portion. The sheath of the thread is stained pink; and 
the protoplasm, stained blue, fills the sheath, or consists of 
small spherical and irregular grains, giving a distinctly 
beaded appearance. 

The effect of various reagents should be tried upon the 
isolated grains. The grains are picked out of the pus 
and transferred to watch-glasses containing strong potash, 
xylol, and benzole. If returned to a slide and covered 
with a cover-glass, the clubs are found unaltered. Water 
or weak potash washes away the clubs, and the filaments 
become easily distinguished ; ether and strong acids have 
no effect upon them. Corallin soda, Hanstein’s violet, 
and iodine zinc-chloride fail in giving any particular re- 
action. Hoffman’s blue stains the clubs, but without 
bringing out any structural details which could not be 
observed in the unstained specimens. 


CULTIVATION EXPERIMENTS. | 
Bostrém succeeded in cultivating the fungus outside the 
animal body ; and finding that his cultures consisted of 
what appeared to be cocci forms, short rods, and threads, 
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but no clubs, he advanced the theory that the fungus 
belonged to the bacteria, forming one of the Cladothrix 
group, and possibly closely allied to the Swveptothrit 
Ferstert of Cohn. In accordance with this view, Bostrém 
regarded the clubs as comparable to the degenerate or 
involution forms, which are often found in old cultivations 
of bacteria. They constituted, in his opinion, the lifeless 
organism. 

According to the old theory the actinomyces was a 
hyphomycetous fungus, and the clubs were the flask-shaped 
structures or gonidia. In the hope of throwing some 
light on this point, the author has made attempts at 
cultivation upon a number of different media. Glycerine 
agar-agar, a favourable medium for the growth of the 
tubercle bacillus, suggested itself as a suitable soil for 
actinomyces. An actinémycotic abscess was opened, the 
discharge collected in sterilised tubes, and cultivations 
prepared with as little delay as possible. Some of the 
discharge was spread out on a sterilised glass slide, and 
the grains isolated with sterilised needles and quickly 
transplanted on the surface of the nutrient medium. The 
tubes were placed in the incubator at 37° C., and the 
result watched from day to day. For several days there 
was no promise of success to the naked eye, but gradually 
the grains began to change, and by the end of a fortnight 
there was an appreciable increase in size. Numerous 
cover-glass preparations were made from what was 
originally a single grain, and on examination by the 
method of Gram the appearance was very striking. 
There could be no doubt as to the increase of the 
mycelial structure. The dense masses of filaments 
covered almost the whole area of the preparation. In 
parts less thickly covered there were a vast number of 
oval bodies and rod-like segments with terminal enlarge- 
ments. These “crocus” forms corresponded with the 
appearances previously described as met with in the 
interior of certain clubs. From this it would appear that 
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some other condition is necessary for the development 
of the fully formed club, this being the result of the 
sheath undergoing some change, possibly mucilaginous, 
resulting in the formation of a thick investment of the 
clubbed mass of protoplasm at the end of the thread. 

These club-shaped bodies represent organs of fructifi- 
cation, rather than the results of degeneration or death. 
The difficulty in accepting the view of their being entirely 
lifeless forms lies in the fact that one can observe daughter 
clubs growing from the mature clubs ; and, further, in the 
bovine fungus the author has been able to trace by this 
process the stages in the development of a single club to 
a completely formed rosette. 

In the unstained condition, the clubs are found, on the 
whole, to be very regular in their form and arrangement, 
while by certair staining methods» they can be shown to 
have a somewhat complex structure. If we take all 
the characters into account, and particularly the minute 
structure and the relation to each other of the threads 
and clubs, we are justified in the opinion that the club 
in the early stages is an integral part of the living fungus, 
and that these characters bring the fungus into relation 
with a higher group of micro-fungi, the Basidiomycetes, 
although the filaments, regarded by themselves, correspond 
with the characters of streptothrix. 


LIFE-HISTORY. 


It has not been possible to trace every step in the life- 
history of many of the Basidiomycetes; but if we regard 
the ray-fungus in the light of what is known to occur 
in many species, we may explain its life-history as 
follows :—The spores sprout into hyphz, which form ex- 
cessively fine, straight, or sinuous, and sometimes distinctly 
spirilliform threads, which branch irregularly afd sometimes 
dichotomously. The extremities of the branches develop 
the club-shaped bodies. The clubs are closely packed 
together, so that a more or less globular body is formed, 
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with a central core composed of a dense mycelium. The 
threads can be differentiated by the method of Gram into 
an external sheath, and protoplasmic contents. The 
club-shaped body externally appears to be mucilaginous, 
while internally it is continuous with the protoplasm of 
the thread. It is difficult to say what further changes 
occur in the club-shaped bodies; in all probability they 
represent the organs of fructification. If so, the proto- 
plasm in the interior of the club may possibiy undergo 
changes leading to the development of spores, which are 
ultimately set free; in some cases the terminal segment 
of a club is separated by transverse fission in the form 
of a globular body, a process resembling the formation 
of spores by abjunction. In others, the forms sprout- 
ing from the club are suggestive of teleutospores. In 
whatever way they may be formed, there can be little 
doubt that spores are set free in the vicinity of a rosette, 
and give rise to fresh individuals; the ultimate result 
recalling, as has previously been suggested, the appear- 
ance of “fairy rings.” There can be little doubt that 
spores and young fungi are taken up by wandering cells, 
and conveyed to a distance from the parent fungus, and 
thus fresh centres of growth are established. 

According to the view here propounded, the filaments 
or threads may be regarded as extremely delicate hyphz 
forming a dense mycelium, and the more familiar clubs as 
the basidia of the hymenial layer. There are occasionally 
long slender forms, very different from the ordinary clubs ; 
they possibly represent tarap/yses or abortive elements. 


FLAGELLATED PROTOZOA. 397 


APPENDIX C. 
FLAGELLATED PROTOZOA IN TIE BLOOD. 


WHEN examining blood the bacteriologist must be pre- 
pared to meet with minute organisms which at the first 
glance under moderate amplification may be mistaken for 
vibrionic or spiral forms of bacteria. The organisms 
referred to belong not to the vegetable but to the animal 
kingdom. They may occur associated with disease, but 





Fic. 130,—PARASITES IN THE BLoop or Rats [after Lewis]. 


they appear to be more commonly found in the blood of 
apparently perfectly healthy animals. 

Flagellated organisms in the blood of rats 
and hamsters.—Lewist described peculiar organisms 
in the blood of healthy rats in India. When first noticed 
they were thought to be vibrios or spirilla. A drop of 
blood under examination appeared to quiver with life, and 
on diluting the blood motile filaments could be seen 


* Abstract of paper by the Author, Fourn. ace Micros. Soe., 
read November roth, 1886. 

ft Lewis, Microscopic Organisms in the Blood af Man and 
Animals. Calcutta, 1879 (with photographs); and Quart. Fourn. 
Micr. Sct., \xxiii. (1879), pp. 109-14, and xxiv. (1884), pp. 357-69. 


398 APPENDIX. 


rushing through the serum, and tossing the blobd- 
corpuscles about in all directions. Under careful exami- 
nation the filaments were found to consist of a thicker 
portion or body, with at one end a flagellum (Fig. 130). 

After fixing with osmic acid, they measured o°8—1 pin 
width, and 20—-30 yp in length ; the flagellum was about 
as long as the body, so that the total length of the 
organism was about 50 w. Lewis detected these parasites 
in 29 per cent. of the species Mus decumanus and Mus 
rufescens. Though they had many features in common 
with motile organisms of vegetable origin, they appeared 
to approach much more closely to the Protozoa, more par- 
ticularly several of the species of Dujardin’s Cercomonas. 

Wittich* discovered, in the blood of hamsters, whip- 
like bodies with lively movements. They resembled 
frog’s spermatozoa, pogsessing a thick portion continued 
into a long lash-like thread. Wittich considered them 
identical with the organisms described by Lewis, and they 
also were observed in apparently healthy animals. Kocht 
later met with the same organisms. 

Flagellated organisms in the blood of 
horses, mules, and camels.—In India a fatal 
disease, known by the natives as Surra, occurs in 
horses, mules, and camels. The malady is described 
as a blood disease, characterised by fever, accompanied 
by jaundice, petechia of mucous membranes, great 
prostration, and rapid wasting, terminating in death, 
Evans { observed the presence of a parasite in the 
blood, and by means of subcutaneous inoculation, and 
by the introduction into the stomach of blood con- 
taining the parasites, the disease was transmitted to 


healthy animals. 


* “Spirillen im Blut von Hamstern.” Centralbl. f. Med. Wass. 
1881, No. 4. 

+ M1ttherlungen aus dem Katserlich, Gesundh. Amt. 1881. 

t Evans, Report published by the Punjab Government Military 
Department, No. 439. 1880. 
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Steel,* who was deputed to investigate this disease in 
British Burma, also found the parasite in all cases, and 
further observed that it appeared as the temperature rose 
and disappeared during the apyrexial periods. This 
observer concluded that the organism was a spiral bac- 
terium, and named it, after its discoverer, Spzrocheta 
Evanst (see p. 402). 





Fic. 131.—HMATOMONAS COBITIS. 


a, First variety; 4, second variety; ¢, third variety. 

d, First variety in a state of diminished activity. 

e, The same after treatment with osmic acid, 
[After Mitrophanow. | 


Flagellated organisms in the blood of fish. 
—In the blood of mud-fish (Coditis fossilis) Mitrophanowf 
observed the presence of peculiar micro-parasites (Fig. 
131). As ar per cent. salt solutionhad been added to 
the blood under examination, it occurred to Mitrophanow 


* Steel, A.V.D., Ax Investigation into an Obsture and Fatal 
Disease among Transport Mules in British Burma. 1885. 
t ‘‘ Beitrage zur Kenntniss der Hamatozoen,’’ Biol. Centraivi., 


lii,, 1883, Pp. 35-44. 


‘402 APPENDIX. 


Species :— 

_tle@matomonas cobitis—Body provided with a spiral 
membrane and a flagellum at the fore-end. Parenchyma 
of body homogeneous. Second variety, body and flagel- 
lum only. Movement undulatory, body containing highly 
refractive spherules. Third variety, plasma-like body, 
without membrane or flagellum ; quickly changes form by 
sending out processes laterally, and contains two to four 
refractive spherules. Blood of Codztzs fossilts. 

Hematomonas Carassit—Long bodies, with narrow 
membrane attached along the whole length ; less- actively 


f 
~~) 4 
Fic. 133.—‘'SurRRA” PARASITES OCCURRING SINGLY AND FUSED, 
From preparations stained with magenta, x 1200. 





motile. Several forms also observed strikingly smaller 
than the above ; many disc-shaped. Often seen attached 
to a red corpuscle, setting them in motion by their move- 
ments Blood of Cyprinus Carasstus. 


Quite recently the author has investigated the parasites 
found in the disease known as Surra, and came to the 
following conclusions :— 

In stained preparations the somewhat tapering central 
portion, or body, of the parasite is found to be continuous 
at one end with a whip-like lash, and at the other end to 
terminate in an acutely pointed stiff filament, or spine-like 
process. Here and there, possibly from injury or want of 
development, the spine-like process appears to be blunted 
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or absent. By very careful focussing on the upper edge 
of the central portion, the author discovered the existence, 
much more markedly in some of the parasites than in 
others, of @ longitudinal membrane with either a straight 
or undulating margin (Fig. 133). The membrane is 
attached along the body, arising from the base of the 
rigid filament, and becomes directly continuous at the 
opposite end with the flagellum. In some cases the edge 
only is deeply stained, giving the appearance of a thread 
continuous with the flagellum, so that one might be easily 
led to overlook the membrane, and imagine that the 
flagellum arose from the opposite end of the body, at the 
base of the spine-like process. 

Close to the base of the spine-like process a clear 
unstained spot is, in many parasites, easiJy distinguished, 
and at the opposite end there is, in some, the appearance 
of the deeply stained protoplasmic contents having con- 
tracted within the faintly stained cell-wall. Where the 
longitudinal membrane has a wavy outline, the undulations 
are much more marked in some cases than in others. 
Here and there the wavy outline appears first on one side 
of the central portion, and then on the other, but there 
never is any waving outline on both sides of the same 
part of the body, and this is explained by careful exami- 
nation, which shows that in dying the somewhat ribbon- 
like parasite has become doubled on itself. 

Owing to the somewhat curved and twisted shape of 
the parasite and the curling of the flagellum, in the stained 
preparations, it was difficult to make exact measurements, 
but the average width, according to whether the membrane 
was visible or not, varied from 1 to 2 p, and the length 
of the body from 20 to 30 pw. The flagellum was about 
the same length as the body. 

From these observations (especially the dis¢overy of the 
undulating longitudinal membrane) the author recggnised 
a very close resemblance to Mitrophanow’s descriptions, 
and concluded that, if we followed the classification 
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adopted by Mitrophanow, the genus Hamatomenas must 
not be restricted to organisms in fish-blood. It must be 
expanded to include this parasite of mammalian blood, 
which should in that case be named Hematomonas Evansi, 
rather than Spirocheta Evanst, as proposed by Steel. 

In the course of this investigation the author was led 
to examine the blood of rats obtainable in this country. 
Organisms were discovered in the blood of about 25 
per cent. of common brown rats; and after examining 
them with various objectives, from a } dry to a zs oil- 
immersion of Powell and Lealand, the following con- 
clusions were arrived at :— That they are polymorphic, 





Fic. 134.—A Monap 1n Rat’s Boon, x 3000. 


The organism is represented at partial rest, with its posterior filament im- 
pinging on a corpuscle, and showing the undulating longitudinal membrane, 
the long flagellum, and the refractive spherules in the granular protoplasm. 


presenting for the most part slightly tapering bodies, 
which terminate at one end in a stiff, immotile, acutely 
pointed, flexible filament or spine-like process, and at the 
opposite end are provided with a long flagellum, while 
longitudinally attached a delicate undulating, fin-like mem- 
brane can be traced, which starts from the base of the 
posterior filament, and becomes directly continuous with 
the flagellum (Fig. 134). 

With careful illumination the body is found to be 
distinctly granular, with one or more highly refractive 
spherules. “When the rapid movement is arrested, the 
undulating membrane is distinctly visible. The best 
opportunity occurs for seeing this when the organism 
comes to partial rest with its stiff filament against a 
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corpuscle, as if to obtain a poznt d’appuz, while lashing its 
flagellum in all directions (Fig. 135, 4). At other times, 
when the parasite has impinged with its posterior extremity 
against a corpuscle, or the stiff filament is apparently en- 
tangled in débris, the movements of the organism give one 
the idea of its endeavouring to set itself free. 

In the active state the thicker portion, or body, appears 
to twist and bend from side to side with great activity. 
The organism can turn completely round with lightning 
rapidity, so that the flagellum, at one moment lashing 





Fic, 135.—Monaps 1N Rat's Bioop, x 1200. 
a, A monad threading its way among the blood-corpuscles ; 4, another with 
pendulum movement attached to a corpuscle; ¢, angular forms; d, encysted 
forms ; ¢ and /,‘the same seen cdgewisc. 


in one direction, is suddenly observed working in the 
opposite direction. Then suddenly the organism makes 
progression, and it can be distinctly seem ¢o move in the 
aivection of the flagellum, the flagellum threading tts way 
between the corpuscles and drawing the rest of the organism 
after it, By treating cover-glass preparations with osmic 
acid, the appearances corresponded exactly with photo- 
graphs of the organisms observed by Lewis in India, so 
that the author has no doubt of their identify, in spite of 
the descriptions not completely according. A great like- 
ness to the organisms described by Mitrophanow, and to 
the Surra parasite, as just described, was obvious; and 
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after staining the rat parasites, the closest examination 
confirmed the belief that they were morphologically 
identical with the stained parasites of Surra. 

The cover-glasses with a thin layer of blood should be 
passed through the flame of a Bunsen burner in the way 
commonly employed for examining micro-organisms, and 
stained with an aqueous solution of fuchsine, methyl-violet, 
or bismarck-brown. The following method will, how- 
ever, be found most instructive :—-Use freshly prepared 
saturated solution of fuchsine or methyl-violet in absolute 
alcohol, and put a drop with a pipette on the centre of 





Fic. 136.—Monaps 1n Rat’s Boop, showing membrane under different 
aspects, blood-corpuscles some crenated, and stained discs, x 1200. 


the preparation ; do not disturb the drop-form for a few 
moments ; then, before the alcohol has evaporated, wash 
off the excess of stain. It will be found that where the 
drop rested the organisms will be very deeply stained, while 
in the surrounding area the colour will vary in intensity. 

By the effect of the different degrees of staining much 
may be learnt (Fig. 136). In one organism the body and 
entire membrane will be equally stained ; in another the 
margin of the membrane only. In some the posterior 
stiff filament is stained, and at its -base a darkly stained 
speck is very striking; and in other cases, again, the 
posterior filament is only faintly tinged, or an unstained 
spot occurs near its base. 
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The morphological identity of the rat and Surra 
parasites is thus established, and both seem morpho- 
logically identical with the organism of Mitrophanow. 
If we follow Mitrophanow, we must, therefore, enlarge 
his genus of Hematomonas. The author ventures, how- 
ever, to disagree with Mitrophanow in the advisability of 
adopting this entirely new generic name. Mitrophanow 
suggested this new term because of the special habitat 
—normal fish-blood—of the species he discovered. But 
the characteristic features of these organisms are the 
characteristic marks of the genus Z7yichomonas.* They 
are, therefore, embraced by the genus Zrichomonas, and 
there is no need to create a new one. If it were not 
for the different description given by Mitrophanow of the 
organism in the blood of Cobztes fosszlzs, the author would 
be inclined to say that all these eorganisms belonged to 
one and the same species, which might well be named 
Trichomonas sanguinis. The monads in the rat and the 
Surra parasite have been shown to be morphologically 
identical with each other, and both, as far as one can 
judge from the description, are morphologically identical 
with the monad in the blood of the carp. We have, how- 
ever, seen that the organism in Surra is believed to be 
pathogenic, and too much stress must not be laid on 
morphological identity. There is strong evidence in 
favour of believing in its pathogenic properties ; but, at 
the same time, it must be borne in mind that the organism 
has never been tsolated apart from the blood, and the 
disease then produced by its introduction into healthy 
animals. It is quite possible that the parasites in Surra 
are only associated with the disease, the impoverished 
blood affording a suitable nidus for their development, 
while the contaminated water may be the common source 
of the organism and of the disease. On thg other hand, 
the organism in the rat is found in apparently perfectly 
healthy, well-nourished animals. 


" Vide Leuckart, Zhe Parasites of Man, translated by Hoyle, 1886. 
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APPENDIX D. 
HMATOZOA OF MALARIA (Laveran). 


IN 1880, Laveran in Algiers noticed the existence of 
peculiar structures in the blood of a patient suffering from 
malaria. It occurred to him that he had discovered the 
“ Microbe du paludism.” WLaveran followed up his ob- 
servation by researches which were communicated to the 
Academy of Medicine in Paris, in 1881 and 1882, and 
they were subsequently published 7” extenso in a treatise 
on the subject in 1884.* 

Laveran described various bodies which he was led to 
regard as different stages in the life-history of the same 
micro-parasite. ‘Lhe most striking forms were cylindrical 
elements with pointed extremities. They were crescent- 
shaped and pigmented in the middle. There were other 
forms, more frequently found, which were either free in 
the serum or in contact with the red blood-corpuscles, 
They were more or less spherical, pigmented, and endowed 
with amceboid movement. Other forms, again, were pro- 
vided with motile filaments three or four times as long 
as the diameter of a red blood-corpuscle. And, lastly, 
there were little masses of hyaline material, which 
Laveran regarded as dead forms. 

These observations at first attracted little attention ; 
but they have been confirmed and extended by Richard,t 
Councilman and Abbot,{ Marchiafava and Celli,§ Golgi,|| 


*Laveran, Zratté des Fievres Palustres. 1884. 

+ Richard, Comptes Rendus. 1882. 

. I Councilman and Abbot, American Fournal of Medical 
Sczences. 1885. 

§ Marchiafava and Celli, Archivio per le Scienze Mediche. 1885, 
1886. Atti della R. Academia Medica. 1886-1887. Archi. 
tal, de Biolog. 1887—1888. 

| Golgi, Za Riforma Medica. 1888. Archivio per le Scienze 
Mediche. 1886. ortschritte der Medicin. 1889. 
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Sternberg,* Osler,t Crookshank, and Vandyke Carter, 
and their importance fully recognised. 

The different forms assumed by the hzmatozoon of 
malaria may be described in two groups: those within 
the red blood-corpuscles and those free in the serum. 

Intra-corpuscular bodies—These are of three 
kinds :—zrs¢, structureless protoplasmic bodies, much 
smaller than, and within or attached to, the red blood- 
corpuscles (Fig. 137). These rapidly change their shape, 


Fic, 137.—NON-PIGMENTED AmaBoiv Forms [after Marchiafava and Celli]. 
e o 
od 
exhibiting amceboid movement. They were first described 
by Marchiafava and Celli, and possibly represent the first 
stage in the life-history of the hzematozoon. Marchia- 
fava and Celli suggested the name Plasmodium malaria. 


Second, minute masses of finely granular or of hyaline 
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Fic. 138.—PicMEnTeED Ama@:sorp Forms [after Golgi]. 





protoplasm enclosing granules of pigment (Fig. 138). 
These forms are sometimes present in large numbers, and 
at other times can be found only with difficulty. They 
are more or less spherical, but exhibit amceboid move- 
ment, and rapidly change their form. The pigment 


® 
* Sternberg, Medical Record. 1886. 
+ Osler, British Medical Fournal. 1887. 
Bs oo Scientific Memoirs Med. Officers Army of India. 
1888. 
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granules are also in active movement. There may be 
one or more of these amceboid bodies to a_blood- 
corpuscle, and they vary in size; one may occupy the 
whole of the corpuscle. In cases of pernicious malaria 
similar bodies may be seen in tissue sections, in the 
corpuscles filling the capillaries. Z/ird, forms which 
appear like isolated grains, and larger homogeneous 
bodies surrounded by clear spaces which change in 
outline. 

Extra-corpuscular bodies.—These are the most 
striking and perhaps the most interesting forms. Furst, 
the semi lunar bodies of Laveran. These are crescent- 
shaped bodies, sometimes pointed at the extremities, 
but more usually rounded off (Fig. 139). They are not 
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Fic. 139.—SFm1 1UNAR Bopics oF LAVERAN [after Golgi] 


always curved; some, indeed, are almost spherical, and 
others sausage-shaped. They are motionless. In many 
specimens a delicate line is visible on the concave side 
of the crescent, connecting the extremities. On careful 
examination this is found to be the edge of a very 
delicate membrane. The body is composed of homo- 
geneous protoplasm. Centrally placed is a collection of 
pigment granules, which on careful examination can be 
distinctly seen to be in movement. The semi lunar 
bodies vary in number in different cases. Sometimes 
several can be seen in the field at the same time, and 
in other cases they are only observed after a long and 
patient search. They are, as‘a rule, free in the serum ; 
but they have also been seen within the red blood- 
cells, Second, finely granular masses of protoplasm, 
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which arise, according to Golgi, from the intra-cor- 
puscular pigmented bodies. The pigment is collected 
in a rosette, and the protoplasm by segmentation gives 
rise to a number of small spherical forms, which are 
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Fic. 140.—ROoSETTE ForRMS witH SEGMENTATION [after Golgi]. 


ultimately set free (Fig. 140). Golgi believes that these 
changes occur in definite relation to the development of 
the paroxysm. TZ/zrd, spherical, pear-shaped, or ovoid 
bodies, rather smaller than the red _blood-corpuscles, 
and provided with one or more ®actively motile flagella 





Fic. 141.—FLAGELLATED Forms [after Vandyke Carter]. 
1, A flagellated spherule; (a@) the same in the interior of a phagocyte; (4) 
free motile filaments. 


(Fig. 141). These flagella are long lash-like filaments, 
which by their activity set the neighbouring blood- 
corpuscles in motion. Free filaments in active move- 
ment have also been observed. ourth, small spherical 
pigmented bodies about one quarter the size of a red 
blood-corpuscle, which exhibit amceboid movement. 
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Inoculation experiments. — Marchiafava and 
Celli assert that inoculation of a healthy subject with 
blood containing the parasites will produce a paroxysm 
of ague with development of the hematozoa. The 
pathogenic power of these parasites, however, has not 
been established. As in Surra disease, there has been 
no cultivation of the parasite outside the animal body, 
and reproduction of the disease with a pure cultivation. 
In favour of its being a pathogenic organism, Laveran 
points out its invariable presence in some form or other 
in cases of malaria; the marked changes it effects in 
the red blood-cells ; the increase in the number of the 
parasites in proportion to the severity of the attack; and, 
lastly, their disappearance after the administration of 
quinine. Others, again, have doubted the parasitic nature 
of these bodies and have looked upon them as repre- 
senting pathological changes in the blood-cells.* 

Laveran first of all suggested the name Oscllaria 
malavze, but subsequently he recognised that these 
bodies belonged to the animal, not to the vegetable king- 
dom. Osler has suggested that, temporarily at any rate, 
the organism should be placed in the genus Hematomonas 
of Mitrophanow, thus: “Genus, H@matomonas ; species, 
Hamatomonas mataria. Definition—Body plastic ; ovoid 
or globose ; no differentiation of protoplasm, which con- 
tains pigment grains ; flagella variable from one to four, 
highly polymorphic, occurring in (1) amceboid form, (2) 
crescents, encysted form, (3) sporocysts, (4) cellular free 
pigmented bodies.” 


EXAMINATION OF THE HAMATOZOA OF LAVERAN. 


In the living condition—Select a patient by pre- 
ference who bas had several attacks of malaria, and is 
markedly anemic. Examine before the invasion of the 
febrile paroxysm. Take two perfectly clean cover-glasses 


“Cattaneo and Monti, Archevio per le Sctenze Mediche. 1888. 
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and two clean slides. Wash one of the fingers of the 
patient with soap and water, and then cleanse with 
alcohol. Apply a ligature, and with a clean needle 
puncture the thin skin near the root of the nail. Touch 
the drop of blood which collects with a clean slide, 
Cover quickly with a cover-glass, and gently press it if 
the layer of blood be too thick. Examine with a 1, oi. 

In stained preparations——Puncture the finger again 
if necessary, touch the droplet of blood with a clean 
cover-glass, apply another cover-glass, press them gently 
together, and then slide them apart. Stain with two or 
three drops of alcoholic solution of methylene-blue, wash 
off excess and examine in water, or allow the preparation 
to dry, and mount in balsam. 
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—— in swine-erysipelas, 333 

—— in swine-typhoid, 333 

——— in syphilis, 301 

—— in tetanus, 334 

—— leprae, 299 

—— liordermos, 278 

—— luteus, 276 

—  malariz, 304 

—— mallei, 325 

—— megaterium, 343 

mesentericus fuscus, 348 

vulgatus, 348 

—— multipediculus, 278 

—— mycoides, 345 

~——— Neapolitanus, 263 

—— cedematis maligni, 327 

—— of blue milk, 337 

—— of choleraic diarrhoea from meat- 
oisoning, 4304 

——- of diphtheria, 265 

-—— of glanders, 325 

—— of jequirity, 345 

—— of pneumo-enteritis of the pig, 333 
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Bacillus of rhinoscleroma, 264 

—— of septicemia of mice, 330 

—— of splenic fever, 315 

—— of ulcerative stomatitis in the 
calf, 332 

—— oxytocus perniciosus, 273 

—— parvus ovatus, 252 

——— phosphorescens. 348 

—— pneumonicus agilis. 272 

——— prodigiosus, 275 

——— pseudo-pneumonicus, 263 

—— putrificus coli, 347 

pyocyaneus, 336 

—— pyogenes foetidus, 305 

—— ramosus liquefaciens, 278 

-———- saprogenes, No. 1, 347 

——- —— No. 2, 347 

—— —— No. 3, 266 

foetidus, 347 

—— septicus, 346 

—— —— agrigenus, 269 

———- ——— sputigenus, 271 

—— subtilis, 340 

—— tremulus, 345 oe 

—— tuberculosis, 305 c 

—--—— tumescens, 342 

——— typhosus, 302 

—— ulna. 342 

—— urex, 276 

——— violaceus, 337 

—— virens, 147 

—— vitulorum, 266 

Bacteria, chromogenic, 172 

—— classification of, 205 

—— distribution of, 178 

——— genera] morphology of, 152 

—— pathogenic, 174 

——~ saprogenic, 173 

—— zymogenic, 172 

Bacteriaceze, 215 

Bactéridie du charbon, 315 

Bacteridium cyaneum, 253 

Bacterium, 260 

——— aceti, 277 

—— eruginosum, 336 

—— brunneum, 276 

—— cavicida, 273 

—— chlorinum, 147 

-—— cholere gallinarum, 267 

—— coli commune, 273 

———- crassum sputigenum, 272 

—— decalvans, 26 

——— fluorescens liquefaciens, 276 

——— -—— putidum, 276 

——- foetidum, 347 

—-— fusiforme, 285 

~—-~ hyacinthi, 274 

—— ianthinum, 337 
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Bacterium indicum, 274 

—— in diphtheria of calves, 266 

—— —— of man, 265 

—— lactis aerogenes, 273 

—— lineola, 282 

—— liodermos, 278 

—— litoreum, 280 

—— luteum, 276 

——— merismopedioides, 279 

—— multipediculum, 278 

—— navicula, 280 

—— Neapolitanum, 263 

—— of Davaine’s septicemia, 270 

—— of diphtheria of pigeons, 267 
~~ of fowl-cholera, 267 

-—— of rhinoscleroma, 264 

——— of septiczemia in rabbits, 269 

—— of yellow milk, 274 

—— oxytocum perniciosum, 273 

—v-— Pasteuri, 271 

—— Pasteurianum, 277 

—— Pflugeri, 280 

—— photometricum, 280 

—— pneumonie cruposa:, 261 

—— pneumonicum agile, 272 

——-— prodigiosum, 275 

——- pseudo-pneumonicum, 26 
—— ramosum liquefaciens, 27 

--—— rubescens, 357 

—— rubrum, 275 

—— saprogenes, 266 

—— septicum agrigenum, 269 

——- —— sputigenum, 271 

—— Ssyncyanum, 337 

—— synxanthum, 274 

-——— termo, 281 

—— urez, 276 

———- violaceum, 276 

——— viride, 147 

xanthinum, 274 

Zophi, 278 

Balance and weights, 40 

Balmer-Frantzel method, 312 

Baumgarten’s method, 311 

-—— new method, 312 

Bees, bacillus in disease of, 335 

Beggiatoa, 356 

——— methods of examining species of, 


em 

—— alba, 356 

—— mirabilis, 356 

——— roseO-persicina, 357 
Bergamot oil, 25 

Biére malade, 256 
Bismarck-brown, 28 
Blackleg, 350 

Black torula, 371 
Bleeding host, 275 
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Blood rain, 275 

——— serum, liquid, 107 
——— -—— sterile, 104 
Blue milk, bacillus of, 337 
Borax carmine, 28 
Botrytis Bassiana, 379 
Bouillon, 106 
Bread-paste, 103 

Brush, 46 

Bulbed tubes, 49 

Butyric acid fermentation, bacillus of, 


351 


Camera-lucida, 34 
Canada-balsam, 34 
Caoutchouc caps, 42 
Carbonate of soda, 41 
ot teeth, 361 

attle plague, 23 
Cedar P28 
Cell-contents, 149 
Cell-wall, 148 
Celloidin, 25, 74 
Cerebro-spinal meningitis, 238 
Charbon symptomatique, 350 
Chemical composition, 147 
—— disinfectants, 183 
Cheshire’s trough, 89 
Chionyphe Carteri, 379 
Cholera, comma-bacillus of, 284 
—— fowl, 267 
—— nostras, comma-bacillus in, 291 
Choleraic diarrhoea from meat-poison- 

ing, bacillus of, 304 

Cladothrix, 362 
———- dichotoma, 362 
—— Feersteri, 364 
Cladotrichez, 216 
Classification, 205 
~-——- Fliigge’s, 210 
—— Hueppe’s, 217 
——— Zopf's, 215 
Clostridium, 350 
—— butyricum, 351 
———— of symptomatic anthrax, 350 
——— polymyxa, 353 
Coccacere, ats. 
Cocci, methods of staining, 258 
Cohn-Mayer fluid, 108 
Cohnia roseo-persicina, 357 
Collection of water samples, 133 
Comma-bacillus of Finkler, 291 
—— of Koch, 284 
—— in cholera nostras, 291 
Cork, 25 
Cornil and Alvarez, method of, 265 
Cotton-wool, 40 
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Cover-glass impressions, 69 
——— preparations, 65 

——— —— double coloration, 67 
Crenothrix, 354 

—— Kuhniana, 354 

Cutaneous inoculation, 138 
Cutting tissues, 72 


D 


Damp chambers, 26, 45, 92 

1)’ Arsonval’s incubator, 49 
Decalcifying preparations, 71 

Dental caries, 301 

Desiccator, 60 

Diphtheria, 265, 266 

Diplococcus albicans tardissimus, 242 
Disinfectants, 180 

Dissecting boards, 58 

case, 58 

Dissection, 141 

Distribution of bacteria, 178 

Double coloration, 67 

Double-stain spore-bearing bacilli, 68 
Double-stainiag, 67 

Dfessing-case, 58 

Drinking water, 131 

Drop-cultures, 112 

Drop-culture slides, 49 





E 


Ebner’s solution, 25 

Ehrlich’s method, 67 

—— and eosin, 314 

Electricity, application of, 121 
Embedding tissues, 72 

Empusa musczx, 372 

—— radicans, 373 

Endocarditis ulcerosa, 236 

Eosin, 28 

Erysipelas, 230 

—— malignum, bacillus des, 333 
Ether, 29 

Eurotium aspergillus glaucus, 376 
—— aspergillus niger, 377 

—— repens, 37 

Examination of plate-cultivations, 96 
—-—~ of test-tube cultivations, 89 
Experiments on living animals, 137 


F 


Farrant’s solutions 34 
Favus, 376 

Filter, making, 85 
—— paper, 41 

Fire blight, 253 
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Flagella, to stain, 69 
Flagellated protozoa in blood, 397 
Flagellum, 157 

Flannel, 41 

Folded filter, 85 
Foot-and-mouth disease, 235 
Form, 1§2 

Foulbrood, 335 

Fowl-cholera, bacterium of, 267 
Frankel’s method, 313 
Friedlander, method of, 262 

he a ni fungus, 296 
Fuchsine, 29 


G 
Gangrene, 250 
Gas burners, 52 
—— chambers, 120 
——— pressure regulator, Moitessier’s, 54 
Gases, effect of, 170 
Gelatine. 26. 40 
—— nutrient, preparation of, 82 
—- plates, 94 
Gelatinous envelope, 150 
Gentian-violet, 29 
Gibbes’ first method, 311 
—— magenta solution, 29 
—— new method, 311 
-— solution for double-staining, 29 
Glanders, bacillus of, 325 
Glass bells, 43 
-——~ benches, 44 
—— capsules, 48 
——~ dishes, 43, 45 
-—— jar, 46 
—— plates, 44 
—— rods, 44 
—— vessels, 39 
Glycerine agar-agar, 87 
—— gelatine, 26 
~—~—- gum, 34 
—— pure, 29 
Gomme de sucrerie, 296 
Gonorrheea, 241 
Gram’s method, 76 
—— solution, 30 
Growth, circumstances affecting, 169 
—~— products of, 171 


H 


Hematomonas carassii, 400 
-—— cobitis, 399 

——— Evansi, 404 ® 
Heematozoa of malaria, 408 
Hematoxylin solution, 30 
Hzemophilia neonatorum, 249 
Hardening preparations, 71 


INDEX. 


Hay-bacillus, 340 

—— methods of staining, 342 
Heat regulator (Meyer's), 57 
—— (Reichert’s), 55 

—— (Schlosing’s), 5: 
Herpes tonsurans, 376 
Hesse’s apparatus, 127 

His’ method, 68 

Hollis’ glue, 34 

Hot air and steam, 189 
Hot-~air steriliser, 37 
Hot-water filter, 39 
Hydrophobia, 250 
Hyphomycetes, 371 
Hypodermii, 372 


I 
Immunity, 192 
Impression-preparations, 69 
Incubators, 49 
—— Babes’, 53 
—— D’Arsonval’s, 49 
Inoculation of test-tubes, 88 
—— cutaneous and subcutaneous, 138 
—— of potatoes, 101 
—— protective, 193 
Intermittent fever, bacillus of, 304 
Iodine solution, 30 
(Gram), 30 
Iron box, 44 
Isolation of micro-organisms. 90 
Israel’s case, 44 
warming apparatus, 118 


J 
apanese isinglass, 41 
equirity, bacillus of, 345 








K 


Kaatzer’s method, 314 

Kephir, 345 

Kleinenberg’s solution, 26 

Koch’s apparatus for examination of 
air, 127 

—— method for staining comma- 
bacilli, 290 

———- original method for staining the 
tubercle-bacillus, 309 

—— postulates, 17 

-—— solution (methylene-blue), 31 

—— solution (methyl-violet), 31 


I 


Laboratory requisites, 23 
Lactic acid, 41 


Leprosy, 299 

Leptothrix, 361 

—— buccalis, 361 

——- gigantea, 362 

———- ochracea, 362 

——— parasitica, 362 
Leptotrichez, 215 
Leuconostoc, 296 
mesenteroides, 296 
Leukzemia, 239 

Levelling apparatus, 91 
Lichtheim’s method, 313 
Light, 171 

Liquid media, 106 

Lister’s flasks, 48, 109 
Lithium-carmine solution, 30 
Litmus papers, 41 

Lochial discharges, 242 
Léffler’s solution, 31 
Lustgarten, method of, 301 





M 


Madura-foot, 379 

Magenta solution (Gibbes’), 30 
Malaria, 304 

Malignant cedema, bacillus of, 327 
——— pustule, 315 
Marsh-spirocheete, 294 
Measles, 249 

Merismopedia, 241 

——- gonorrhoea, 241 
Methylene-blue, 30 
Methyl-violet, 31 
Metschnikoft’s theory, 201 
Meyer’s thermo-regulator, 57 
Micrococcus, 245 
—— albicans amplus, 242 
—— amylivorus, 253 
—— aurantiacus, 253 

——— bombycis, 253 

——— candicans, 254 

——— candidus, 254 

——~ cereus albus, 248 

—— —— flavus, 24s 
—— chlorinus, 254 
——— cholerze gallinarum, 267 
—— cinnabareus, 255 
—— citreus conglomeratus, 242 
-———= coronatus, 256 
——— crepusculum, 255 
—— cyaneus, 253 

—— flavus desidens, 256 
——— ——— liquefaciens, 255 
—— —— tardigradus, 255 
—— foetidus, 255 
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Micrococcus ha:matodes, 254 

—— indicus, 274 

——— in acute yellow atrophy, 249 

——— in gangrene, 249 

—— in hamophilia neonatorum, 249 

—— in measles, 249 

——- in rabies, 249 

—— in scarlatina, 249 

—— iInsectorum, 253 

-—— in typhus, 249 

—— in whooping-cough, 249 

—— lacteus faviformis, 256 

——— luteus, 254 

—— of progressive suppuration in 
rabbits, 251 

—~—— of pyzmia in mice, 252 

- of pyzmia in rabbits, 251 

—— of septicemia in rabbits, 250 

—— parvus ovatus, 252 

——- perniciosus, 252 

prodigiosus, 275 

—— pyocyaneus, 336 

—— pyogenes albus, 247 

—— -w— aureus, 246 

x ~~ Gitreus, 247 

—— —-—* tenuis, 249 

—— radiatus, 256 

——— rosaceus, 254 

subflavus, 242 

——-— tetragonus, 241 

—— urew, 276 

—— versicolor, 255 

violaceus, 254 

viscosus, 256 

—— viticulosus, 255 

Micro-organisms in the blood, 397 

inhalation of, 137 

isolation of, 90 

Micro-photographic apparatus, 35 

Microscope, 23 

Microsporon furfur, 376 

Microtome, 24 

—— freezing, 25 

Microzyma bombycis, 253 

Microzyme test, 131 

Milk, 107 

Miquel’s bulbs, 111 

Moist chambers, 113 

Moitessier’s gas-pressure regulator, 54 

Monas crepusculum, 255 

—— heemorrhagicum, 249 

——— Okenii, 359 

—— vinosa, 35 

—— Warmingi¥, 360 

Morphology, 147 

Moulds, 369 

Mouse-cages, 58 

Movement, 154 
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Mucor aspergillus, 375 
—— connie, 375 

~——— fusiger, 375 

“~~ macrocarpus, 375 
——— melittophorus, 375 
——— mucedo, 374 

~—— phycomyces, 375 
——— racemosus, 374 

-—— rhizopodiformis, 375 
—— stolonifer, 375 
Miiller’s fluid, 26 
Mycoderma cerevisie et vini, 370 
Myconostoc gregarium, 365 


N 


Neelsen’s method, 312 

—— solution, 31 

Nicati and Rietsch’s method, 290 
Nitric acid, 31 

Nosema bombycis, 273 

Nutrient agar-agar, 86 

—— gelatine, 82 

—— media, 8o 

Nutrition, 167 


O 


CEdema, 327 

Oidium albicans, 376 

—— lactis, 376 

—— Tuckeri, 376 

Ophidomonas sanguinea, 359 

Orseille (Wedl), 33 

Orth’s modification Of Ehrlich’s 
method, 311 

—— solution, 32 

Osmic acid, 26 

Osteomyelitis, 246 


P 


Page's thermo-regulator, 56 
Panhistophyton ovatum, 273 
Paper trays, 26 

Paraffine, 26 
Paste-cultivations, 102 
Pasteur’s apparatus, 111 
—— fluid, 108 

——— septicaemia, 327 
Peach-coloured bacterium, 357 
Pébrine, 273 

Penicillium glaucum, 378 
Peptonum siccum, 41 
Perlsucht, 308 

Peronospora infestans, 373 
Peters’ method, 31 3 
Pfuhl-Petri’s method, 334 
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Phagocytes, £75, 201 

Phveshoresccncs, 280 

Photo-micrographic apparatus, 35 

Phragmidiothrix, 360 

—— multiseptata, 360 

Phycomycetes, 373 

Picric acid, 31 

Picro-carmine (Ranvier), 31 

-——- lithium-carmine (Orth), 31 

Pilobolus, 374 

Pink torula, 371 

Pityriasis versicolor, 376 

Plate-cultivations, 90 

Platinum needles, 42 

Plaut’s method, 385 

Pleomorphism, 212 

Pneumococcus, 26% 

Pneumo-enteritis of the pig, 333 

Pneumonia, 261 

-— pero of staining bacteria of, 
262 

Potash solution, 31 

Potato-bacillus, 348 

—— bacterium, 278 

cultivations, 99 

Potatoes, disease of, 374 

Potato-knives, 45 

-—— paste, 102 

Pouchet’s zroscope, 129 

Pravaz’ syringe (Koch’s modification, 





5 
Products of growth, 171 
Protected burners, 52 
Protective inoculation, 193 
Proteus mirabilis, 281 
vulgaris, 280 
—— Zenkeri, 281 
Ptomaines, 174 
Puerperal fever, 231 
Pus, 229, 246, 247 
Putrefaction, 280 
Pyzmia, 229 
—— jn mice, 252 
in rabbits, 251 
Pyocyanin, 336 








Q 
Quarter-evil, 350 


R 


Rabies, 249 

Ranvier’s picro-carmine, 32 
Rauschbrand, 350 
Ray-fungus, 380 
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Reichert’s thermo-regulator, 55 
Relapsing fever, spirillum of, 283 
Reproduction, | sf 

Respiration, 166 

Rhabdomonas rosea, 359 
Rhinoscleroma, 264 
Rindfleisch’s method, 310 
Rothlauf, 333 

Rouget du pore, 333 


S 


Saccharomyces albicans, 370 

—— apiculatus, 370 

cerevisiz, 370 

——— conglomeratus, 370 

—— ellipsoideus, 370 

—— exiguus, 370 

—— glutinis, 371 

——~ mycoderma, 370 

—— niger, 371 

-—- — pastorianus, 370 

—— rosaceus, 371 

——— spheericus, 370 

Saccharomycetes, 369 

Safety~burner, Koch’s, 53 

Safranine, 33 

Salmon, disease of, 373 

Salt solution, 33 

Saprolegnia, 373 

Sarcina, 243 

——— alba, 245 

—— aurantiaca, 244 

--— hyalina, 244 

——— intestinalig, 244 

—— litoralis, 244 

—— lutea, 243 

——— Reitenbachii, 244 

—— urinz, 244 

-~—— ventriculi, 244 

Scalpels, 46 

Scarlatina, 232 

Schafer’s warm stage, 117 

Schizomycetes, 224 

Schlésing’s membrane regulator, 51 

Schiitz, method of, 325 

Senkewitsch’s method, 314 

Septicemia, bacillus of gangrenous, 
395 

-—— in rabbits, 269 

—— of man, 305 


——~ of mice, 330 
Serum inspissator, 47 





Silkworms, 273 
Siphon apparatus, 59 
Soil, tion of, 130 
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Spermaceti, 27 
Spheerotilus natans, 364 
Spirillum, 283 
—— attenuatum, 296 
-—— cholerz Asiatic, 284 
-—— Finklerii, 291 
—— leucomelaneum, 296 
—— Obermeieri, 283 
~-—— of relapsing fever, 283 
-—— plicatile, 294 
rosaceum, 359 
-—— Rosenbergii, 296 
——— rubrum, 294 
sanguineum, 359 
—— serpens, 295 
——— sputigenum, 292 
—— tenue, 295 
—— tyrogenum, 293 
——— undula, 295 
——- violaceum, 359 
volutans, 295 
Spirit-level, 43 
Spirocheete buccalis, 361 
—— OBermeieri, 283 
Spiromonag Cohnii, 365 
——- volubilis, 365 
Splenic fever, 315 
Spores, method of staining, 68 
—— preservation of, 320 
Sputum, 65 
—— septicemia, 271 
Staining bacteria, methods of, 75 
-—— —— actinomyces, 384 
—— -—— bacilli of ulcerative stoma- 
titis, 332 
—-- —— bacillus anthracis, 31 
of butyric acid fer- 
mentation, 351 
—- —— —— of glanders, 325 
—— —— —— of leprosy, 399 
— —— -—— of rhinoscleroma, 264 
—— —— —— of syphilis, 301 
— —— —— of typhoid fever, 302 
——— —— bacteria in diphtheria, 265 
—— —— —— of pneumonia, 261 
—— -—— comma-bacilli, 290 
—--—— hay-bacillus, 340 
-——— —— leptothrix buccalis, 361 
—— —— spirillum Obermeieri, 283 
—— tubercle-bacilli, 309 
Staphylococcus cereus albus, 
cereus flavus, 24 
—— pyogenes albus, 247 
_— aureus, 246 
—— —— citreus, 247 
Steam, steriliser, 36 
Sterilisation apparatus, 30, 
sternberg’s bulbs, 48, 10g, 
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Streptococcus, 224 

——— articulorum, 231 

—— bombycis, 253 

— jaca 256 

——— erysipelatosus, 230 

——~~ flavus desidens, 256 

~~ in abscesses, 229 

—— in bilious fever, 236 

——— in cerebro-spinal meningitis, 238 
—— in contagious mammitis, 236 
—— in diphtheria, 231 

——— in endocarditis, 236 

——— in foot-and-mouth disease, 235 
——— in measles, 236 

~-— in pneumonia, 237 

~—— in puerperal fever, 231 

~—— in scarlet fever, 232 

~—— insectorum, 253 

~——— in small-pox, 235 

——— in spreading gangrene, 231 
——— in strangles, 236 

—— in surgical fever, 231 

—— in typhoid fever, 237 

——— in yellow fever, 236 ° 

—— of cattle plague, 236 € 

—— of progressive tissue necrosis in 

mice, 238 
—— of septicemia consecutive to 
anthrax, 238 

——— perniciosus, 252 

—— pyogenes, 225 

—— viscosus, 256 

Streptothrix Foersteri, 364 
Stricker’s warm stage, 118 
Sulphuric acid, 33 

Surra, 402 

Swine-erysipelas, 333 

——~ typhoid, 333 

Symptomatic anthrax, 350 

Syphilis, 301 


T 


Table salt, 41 

Tarichium megaspermum, 373 
Teeth, carious, 361 

Test-tube cultivations, 87 
pera stands, 42 

~~~ water-bath, 39 

Tetanus, 334 

Thermo-r tor, 57 
Tilletia caries, 372 

Torula cerevisiz, 3 
Trichomonas sangulnis, 407 
Tricophyton tonsurans, 376 
Tripod levelling-stand, 43 
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Tuberculosis, bacillus of, 305 
Turpentine, 35 

Typhoid fever, 302 

Typhus, 249 


U 


Ulcerative stomatitis in the calf, 332 
Urine, 107 

Urocystis occulta, 372 

Ustilago carbo, 372 


V 


Vaccinia, 235 

Variola, 235 

Vaseline, 49 
Vegetables, 103 
Vegetable infusions, 108% 
Vesuvin, 33 

Vibrio, 349 

—— regula, 349 

——— Serpens, 295 


Ww 


Warm stages, 115 
Warming apparatus, I15 
Water, 33 

—— bath, 38 

—— examination of, 13! 
Wed}’s orseille, 32 
Weigert-Ehrlich method, 78 
Weigert’s method, 76 
Wens, 380 
Whooping-cough, 249 
Wire cages, 41 
Wooden-tongue, 380 
Wool-sorter’s disease, 31 
Wurzel-bacillus, 345 


x 
Xylol, 27 

Y 
Vest fungi, 369 
Yeasts, 309 
Yellow fever, 236 

Z 


Zieh!’s method, 313 
Zinc-white, 34 
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and Practice of Medicine tn Untverstty College, London; Physscian to Universsty 
College Hospttal, &c. 


PARALYSES: CEREBRAL, BULBAR, AND SPINAL. 


A MANUAL OF DIAGNOSIS FOR STUDENTS AND PRACTITIONERS. With 
numerous Illustrations, 8vo, 128. 6d. 





GEO. M. BEARD, A.™., M.D. 
Fellow of the New York Academy of Medicine, &. 
AND 


A. D. ROCKWELL, a.m, Mn. 
Professor of Electro-Therapeutics in the oo York Post Graduate Medical School. 


A PRACTICAL TREATISE ON THE MEDICAL AND 
SURGICAL USES OF ELECTRICITY. Including Localized and 
General Faradization; Localized and Central Galvanization; Frank- 
linization ; Electrolysis and Galvano-Cautery. Sixth Edition. With 


nearly 200 Illustrations, roy. 8vo, ee 


NERVOUS EXHAUSTION (NEURASTHENTA) ITS 
HYGIENE, C nSeS: SYMPTOMS AND TREATMENT. Second 


edition, 8vo, 78. 





W. M. BEAUMONT. 
Surgeon to the Bath Eye Infirmary. 


HE SHADOW-TEST IN THE DIAGNOSIS AND 
PEESTIMATION OF AMETROPIA. Post 8vo, an. 6d, 
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BE. H. BENNETT, ».r., F.r.c.8.1. 
Professor of Surgery, University of Dublin, 
AND 
D. JI. CUNNINGHAM, »., F.r.c.5.1. 
Professor of Anatomy and Chirurgery, University of Dublin. 
THE SECTIONAL ANATOMY OF CONGENITAL 
C@CAL HERNIA. With coloured plates, sm. folio, 5s. 6d. 


A. HUGHES BENNETT, ™.p., m.r.c.p. 
Physician to the Hospstal for Epilepsy and Paralysis, Regent's Park, and Assistant Physt- 
cian to the Westminster Hospital, 


‘€ 
A PRACTICAL TREATISE ON ELECTRO-DIAGNOSIS 
IN DISEASES OF THE NERVOUS-SYSTEM. With Illustrations, 
8vo, 8s. 6d. ss 


ILLUSTRATIONS OF THE SUPERFICIAL NERVES 
AND MUSCLES, WITH THEIR MOTOR POINTS; a knowledge 
of which is essential in the Art of Electro-Diagnosis. (Extracted from 
the above). 8vo, paper cover, 18. 6d.; cloth, 2s. 


HORATIO R. BIGELOW, mo. 
Permanent Member of the American Medical Associationp Fellow of the British Gyna- 
cologial Boctety, Sc 
GYN ACOLOGICAL ELECTRO-THERAPEUTICS. With 
an Introduction by Dr. GzrorGes AprosToui. With Illustrations, demy 
8vo, 8s. 6d. 
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DR. THEODOR BILLROTH. 


Professor of Surgery 1n Vienna. 


GENERAL SURGICAL PATHOLOGY AND THERA- 
PEUTICS. In Fifty-one Lectures. A Text-book for Students and 
Physicians. With additions by Dr. ALEXANDER von WINIWARTER, Pro- 
fessor of Surgery in Luttich. Translated from the Fourth German edi- 
tion with the special permission of the Author, and revised from the 
Tenth edition, by C. E. Hacxrey, A.M., M.D. Copiously illustrated, 
8vo, 18s. 


DRS. BOURNEVILLE AND BRICON. 
MANUAL OF HYPODERMIC MEDICATION. 
Translated from the Second Edition, and Edited, with Therapeutic 
Index of Diseases, by ANDREW S. CURRIE, M.D. Edin., &c. 
With Illustrations, crown 8vo, 6s. 


G. H. BRANDT, ™.p. 


HAMMAM R’IRHA, ALGIERS. A Winter Health Re- 
sort and Mineral Water Cure Combined. With Frontispiece and Map, 
crown 8vo, 28. 6d. 


GURDON BUCK, mo! 
CONTRIBUTIONS TO REPARATIVE SURGERY: 
Showing its Application to the Treatment of Deformities, produced by 
Destructive Disease or Injury; Congenital Defects from Arrest or Excess 
of Development ; and Cicatricial Contractions from Burns. , Illustrated 
by numerous Engravings, large 8vo, 9s. 
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MARY BULLAR & J. F. BULLAR, M.s. CANTAB., F.R.C.S. 
RECEIPTS FOR FLUID FOODS. 1x6mo, 1s. 


STEPHEN SMITH BURT, mv. 
Professor of Clinical Medicine and Physical Diagnosis in the New York Post-graduate 
School and Hospital. 


EXPLORATION OF THE CHEST IN HEALTH AND 
DISEASE. With Illustrations, crown 8vo, 6s. 


DUDLEY W. BUXTON, ™_.p., B.s., M.R.c.P. 
Administrator of Anasthetics at University College Hospital and the Hospital for Women, 


Soho Square. 
ANZASTHETICS THEIR USES AND ADMINISTRA- 
TION. Second edition, with illustrations, crown 8vo. [In the press. 


(Lzewis’s PracTicaL SERIES. } 


HARRY CAMPBELL, M™.p., B.S. LOND., M.R.C.S. 
Assistant Physician and Pathologist to the North-West London Hospital. 


I. 
THE CAUSATION OF, DISEASE: An exposition of the ulti- 
mate factors which indué@e it. Demy 8vo, 12s. 6d. 


It. 

FLUSHING AND MORBID BLUSHING: THEIR 
PATHOLOGY AND TREATMENT. With plates and wood en- 
gravings, royal 8vo, Ios. 6d. [Now ready. 


ALFRED H. CARTER, ™.p. Lonp. 
Member of the Royal College of Phystctans; Physician to the Queen's Hospitai, Birmingham; 
late Examiner 1n Medtcetne for the University of Aberdeen, &c. 


ELEMENTS OF PRACTICAL MEDICINE. Fifth Edition, 
crown 8vo, gs. 


P. CAZEAUX. 
Adjunct Professor in the Faculty of Medicine of Paris, &c. 
AND 
S. TARNIER. 


Projessor of Obstetrics and Diseases of Womes one Children in the Faculty of Medicine of 
aris. 


OBSTETRICS: THE THEORY AND PRACTICE; in- 
cluding the Diseases of Pregnancy and Parturition, Obstetrical db era- 
tions, &c. Seventh Edition, edited and revised by Roser J. Hitce, 
M.D., with twelve full-page plates, five being coloured, and 165 wood- 
engravings, 1081 pages, roy. Svo, 358 


6 
WAYLAND C. CHAFFEY, M.p. tonp. 
Physician to the Royal Alexandra Hospital for Sick Children, Brighton. 


LYMPH-STASIS, OR RETARDATION OF LYMPH, 
AS AN ELEMENT IN THE CAUSATION OF DISEASE; Es- 
pecially in regard to Scrofula and Tuberculosis. 8vo, 38, 
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__ F. H. CHAMPNEYS, M.a., M.D. OXON., F.R.C.P. 
Obstetric Physscian and Lecturer on Obstetric Medicine at St. George's H osprtal: Examiner 
in Obstetric Medicine an the University of London, &c. 


EXPERIMENTAL RESEARCHES IN ARTIFICIAL 
RESPIRATION IN STILLBORN CHILDREN, AND ALLIED SUB- 
JECTS. Crown 8vo, 3s. 6d. 


_ W. BRUCE CLARKE, .a., M.B. OXON., F.R.C.S. 
Asststant Surgeon to, and Sentor Demonstrator o rig pple and Operative Surgery ai, 
St. Bartholomew's Hospital ; Surgeon to the West London Hospital; Examiner 
wn Surgery to the Universsty of Oxford. 


THE DIAGNOSIS AND TREATMENT OF DISEASES 
OF THE KIDNEY AMENABLE TO DIRECT SURGICAL IN- 
TERFERENCE. Demy 8vo, with Illustrations, 7s. 6d. 


JOHN COCKLE, ™.a., M.p. 
Physician to the Royal Free Hospital. 


ON INTRA-THORACIC CANCER. §8vo, 4s. 6d. 


ALEXANDER COLLIE, M.p. Aserp., M.R.C.P. LOND. 
Medtcal Superintendent of the Eastern Hospitals. 
ON FEVERS: THEIR HISTORY, ETIOLOGY, DIAG- 
NOSIS, PROGNOSIS, AND TREATMENT. Illustrated with 
Coloured Plates, crown 8vo, 8s. 6d, [Bxzwis’s PRACTICAL SERIES. ] 


M. P. MAYO COLLIER, M.B., M.S. LOND., F.R.C.8. ENG. 
Professor of Comparative Anatomy a pio eey at the Royat College of Surgeons, 
ngland, &¢. 


THE PHYSIOLOGY OF THE VASCULAR SYSTEM. 


Illustrations, 8vo, 3s. 6d. 


WALTER S. COLMAN, M.B., M.R.C.P. LOND. 
Pathologist and Regtstrar to the National Hospital for the Paralysed and Epileptic ; 
Formerly Assistant to the Professor of Pathology tn the Universsty of Edinburgh. 


SECTION CUTTING AND STAINING: A Practical 
Guide to the Preparation of Normal and Morbid Histological Specimens. 
Crown 8vo, 3s. [Now ready. 


ALFRED COOPER, F.R.c.s. 
Surgeon to the St. Mark's Hospital for Fistula and other Diseases of the Rectum, 
A PRACTICAL TREATISE ON THE DISEASES OF 
THE RECTUM. Crown 8vo, 4s. 


Ww. H. CORFIELD, M.A., M.D. OXON. 
Professor of Hygiene and Public Health tn University College, London. 


DWELLING HOUSES: their Sanitary Construction and 
Arrangements. Second Edit., with Illustrations. Cr. 8vo, 38. 6d. 





J. LEONARD CORNING, Ma.,, mp. 


Consultant in Nervous Diseases te St. Francis Hospital. 
PRACTICAL TREATISE ON HEADACHE, NEU- 
A ALGIA, SLEEP AND ITS DERANGEMENTS, AND’ SPINAL 
IRRITATION. With an Appendix—Eye Strain, a Cause of Headache. 
By Davip WessTER, M.D. Second edition, Demy 8vo, 78. 6d. 
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EDWARD COTTERELL, o.n.c.s. ENG., L.R.C.P. LOND, 
Late House Surgeon, University College Hospital. 
ON SOME COMMON INJURIES TO LIMBS; their 
Treatment and After-treatment, including Bone-setting (so-called). 
With Illustrations, small Svo, 3s. 6d. 


CHARLES CREIGHTON, ™.pv. 


I. 
ILLUSTRATIONS OF UNCONSCIOUS MEMORY IN 
DISEASE, including a Theory of Alteratives. Post 8vo, 6s. 


II. 
CONTRIBUTIONS TO THE PHYSIOLOGY AND 
PATHOLOGY OF THE BREAST AND LYMPHATIC GLANDS. 
New Edition with additional chapter, with wood-cuts and plate, 8vo, gs. 


Ill. 
BOVINE TUBERCULOSIS IN MAN: An Account of the 
Pathology of Suspected Cases. With Chromo-lithographs and other 
Illustrations, 8vo, 8s. 6d. 


H. RADCLIFFE CROCKER, M.D. Lonn., B.8., F.R.C.P. 
Physsctan, Skin Depastmed, University College Hospital. 
DISEASES OF THE SKIN; THEIR DESCRIPTION, 
PATHOLOGY, DIAGNOSIS, AND TREATMENT. With 76 Illus- 

trations, 8vo, 218. 


EDGAR M. CROOKSHANK, M.s. Lonn., F.R.M.3. 
Professor of Comparative Pathology bie pederwioey. wn, and Fellow of King's College, 
ondon. 


I 


HISTORY AND PATHOLOGY OF VACCINATION. 
Vol. I., A Critical Inquiry. Vol. II., Selected Essays, (Edited) including 
works by Jenner, Pearson, Woodville, Henry Jenner, Loy, Rogers, Birch, 
Bousquet, Estlin, Ceely, Badcock, Auzias-Turenne, Dubreuilh and 
Layet. Two volumes, illustrated with 22 coloured plates, including re- 
productions of the plates illustrating Jenner’s Inquiry, of selected plates 
from the work of Ceely and others, and with a reduced facsimile of an 
engraving of Mr. Jesty, a facsimile of the first folio of the manuscript of 
Jenner’s original paper, a facsimile of an unpublished letter from Jenner 
to Mr. Head. Royal 8vo, 36s. 

Il. 


MANUAL OF BACTERIOLOGY: being an Introduction 
to Practical Bacteriology. Illustrated with Coloured Plates from original 
drawings, and with other Illustrations in the text. Third Edition, 8vo. 

{In preparation. 
IIT. 

PHOTOGRAPHY OF BACTERIA. Illustrated with 86 Photo- 

graphs reproduced in autotype, and wood engravings, royal 8vo, 128. 6d. 


RIDLEY DALE, M.v., L.R.c.P. EDIN., M.R.C.8. ENG. 


EPITO OF SURGERY, being a complete compendium 
of the Science and Art of Surgery. Large 8vo, 10s. 
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HERBERT DAVIE S, M.D., F.R.C.P. 
Late Consulting Physician to the London Hospitat. 


THE MECHANISM OF THE CIRCULATION OF THE 
BLOOD THROUGH ORGANICALLY DISEASED HEARTS. 
Edited by ArrtHur TemPLER Davies, B.A. (Nat. Science Honours), 
M.B. Cantab., M.R.C.P.; Physician to the Royal Hospital for Diseases 
of the Chest. Crown 8vo, 35. 6d. 


HENRY DAVIS, M.r.c.s. ENG. 
Teacher and Administrator of Anesthetics to St. Mary's and the National Dental Hospitals 
GUIDE TO THE ADMINISTRATION OF ANASTHE- 
TICS. Fecap. 8vo, 2s. 


J. THOMPSON DICKSON, ™.a., M.B. CANTAB. 
Late Lecturer on Mental Diseases at Guy's Hospital. 

THE SCIENCE AND PRACTICE OF MEDICINE IN 
RELATION TO MIND, the Pathology of the Nerve Centres, and the 
Loeb oar of Insanity being a course of Lectures delivered at Guy's 

ospital. Illustrated by Chromo-lithographic Drawings and Physiolo- 
gical Portraits. S8vo, 148. 


HORACE DOBELI: mp. 
Consulting Physician to the Royal Hospital fow Diseases of the Chest, &c. 


I. 
ON DIET AND REGIMEN IN SICKNESS AND 
Health and on the Interdependence and Prevention of Diseases and the 
Diminution of their Fatality. Seventh Edition, 8vo, ros. 6d. 


II. 
AFFECTIONS OF THE HEART AND IN ITS NEIGH- 
BOURHOOD. Cases, Aphorisms, and Commentaries. Illustrated by 
the heliotype process. 8vo, 6s 6d. 


JOHN EAGLE. 
Member of the Pharmaceutical Soctety. 
A NOTE-BOOK OF SOLUBILITIES. Arranged chiefly 


for the use of Prescribers and Dispensers. 12mo, 28. 6d. 


THUR W. EDIS, M.p. Lonn., F.R.C.P. 

Senior Physicuan to the Chelsea Hospital for Women; Late Obstetric Physician to the 
Middlesex Hospital. ; 

STERILITY IN WOMEN: including its Causation and 

Treatment. With 33 Illustrations, demy 8vo, 6s. [Fust published, 


JOHN ERIC ERICHSEN. 
Ex-President of the Royal cone of Surgeons; Surgeon Extraordinary to 
H.M. the Queen, stc. ; 
MODERN SURGERY; its Progress and Tendencies. Be- 
ing the Introductory Address delivered at University College at the 
opening of the Session 1873-74. Demy 8vo, 18. 





DR. FERBER. 


THE ORGANS IN 
MO BRAX AND: FREER CART OF THE ABDOMEN. With 


Letter-press Description. In 4to, coloured, 58. 
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MAGEE FINNY, .p. pust. 
King's pian of Practices of Medscine in School « of Physic, Ireland, &c. 


NOTES ON THE PHYSICAL DIAGNOSIS OF LUNG 
DISEASES. 32mo,18. 6d. [Now ready. 


AUSTIN FLINT, ™.v., tr.v. 
Professor of P Enviebe and Physiologtcal Anatomy ain the Bellevue Hos eas Medical 
ollege, New York ; vistting tia to the Bellevue Hospstal, 


A TEXT-BOOK OF HUMAN PHYSIOLOGY. Fourth 
edition, Illustrated by plates, and 316 wood engravings, large 8vo, 258. 


Il. 
THE PHYSIOLOGY OF THE SPECIAL SENSES AND 
Seen (Being Vol. V. of the Physiology of Man). Roy. 8vo, 
188. 


MILNER FOTHERGILL, »™.p., m.r.c.p. 
Late eae to the City of London Hospital for Diseases of the Chest, Victoria Park, &c. 


I. 


A MANUAL OF DIETETICS. Large 8vo, ros. 6d. 


6 


X: 
HE HEART AND‘ ITS DISEASES, A PR THEIR 
TREATMENT; INCLUDING THE GOUTY HEART. Second 


Edition, entirely re-written, copiously illustrated with woodcuts and 
lithographic plates. 8vo. 16s. 
III. 
INDIGESTION AND BILIOUSNESS. Second Edition, post 
8vo, 78. 6d. 
IV. 
GOUT IN ITS PROTEAN ASPECTS. Post 8vo, 7s. 6d. 
v. 
THE TOWN DWELLER: His Needs and His Wants. 


With an Introduction by B. W. RicHARDSON, M.D., LL.D., F.R.8. Post 
8vo, 35. 6d. [N ow ready. 


vi. 
BEART STARVATION. (Reprinted from the Edinburgh 
edical Journal). 8vo, 1s. 


FORTESCUE FOX, rei LOND. 
Fellow of the Medical Society of London. 

STRATHPEFYFER SPA: Ite Climate and Waters. With 
OBSERVATIONS HISTORICAL, MEDICAL, AND GENERAL, 
‘DESCRIPTIVE OF THE VICINITY. Crown 8vo, with Map and. 
Illustrations, 28. 6d., nett. 


ERNEST FRANCIS, ?F.c.s. - 
Demonstrator of Practical Chemistry, Charing Cross Hospital, 
PRA AI, BXAMPLES IN QUANTITATIVE ANA- 
ia, arming» eerrn Guide to the Analysis of Water, &c. LIllus- 
trated, fcap. Bvo, 28. 6d. 
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ALFRED W. GERRARD, r.cs. 
Examiner to the Pharmaceuttcal Society; Teacher of Pharmacy and Demonstrator of 
Materia Medtca at Universtty College Hospital. 


ELEMENTS OF MATERIA _ 
MACY. Crown 8vo, 8s. 6d. MEDICA AND PHAR 


_HENEAGE GIBBES, »™. 
Lecturer on Physiology and on Normal and Merbtd Histology in the Medical School of 
Westminster Hospttal ; ete. 


PRACTICAL HISTOLOGY AND PATHOLOGY, Third 


Edition, revised and enlarged, crown 8vo, 6s. 


C. A. GORDON, ™.r., c.n. 
Deputy Inspector General of Hospitals, Army Medical Department. 


REMARKS ON ARMY SURGEONS AND THEIR 
WORKS. Demy 8vo, 55. 


JOHN GORHAM, o.rcs. 


TOOTH EXTRACTION: a Manual on the proper mode 
of extracting Teeth. Third Edition, fcAp. &yo, 1s. 6d. Now ready, 
e 








GEORGE M. GOULD, B.a., M.p. 
Ophthalmic Surgeon to the Philadelphia Hospital, ete. 


A NEW MEDICAL DICTIONARY: including all the 
words and phrases used in Medicine, with their proper pronunciation 
and definitions. 8vo, 16s. 


W. R. GOWERS, M.0., F.R.C.P., M.R.C.S, 
Physician to University College Hospital, &c. 


DIAGRAMS FOR THE RECORD OF PHYSICAL SIGNS. 


In books of 12 sets of figures, rs. Ditto, unbound, Is. 


J. B. GRESSWELL, m.r.c.v.s. 
Provincial Veterinary Surgeon to the Royal Agricultural Society. 


VETERINARY PHARMACOLOGY AND THERAPED- 
TICS, With an Index of Diseases and Remedies. Fcap. 8vo, 58. 





SAMUEL D. GROSS, M.D., LL.D., D.C.L. OXON. 
Professor of Surgery in the Jefferson Medtcal College of ops pe ie 
A PRACTICAL TREATISE ON THE DIS ’ - 
ORIBS. inp MALFORMATIONS OF THE URINARY 
BLADDER, THE PROSTATE GLAND, AND THE URETHRA. 
Third Edition, revised and edited by S. W. GROSS, A.M., M.D., 
Surgeon to the Philadelphia Hospital. Illustrated by 170 engravings, 
8vo, 188. 





v 


WwW. GROSS, A.M., M.D. 
Surgeon to, and pains heal Surgery in, the Jefferson Medical College Hospital, 
and the Philadelphia Hospital, &c. 
A PRACTICAL TREATISE ON TUMOURS OF THE 
MAMMARY GLAND: embracing their Histology, Pathology, Dia- 
gnosis, and Treatment. With Illustrations, 8vo, 10s. 6d 
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DR. JOSEF GRUBER. 
Professor of Otology in the Imperial Royal University of Vienna, ete. 


A TEXTBOOK OF THE DISEASES OF THE EAR. 
Translated from the second German edition by special permission of 
the Author, and Edited by Epwarp Law, M.D., C.M. Epin., M.R.C.S. 
Ena., Surgeon to the London Throat Hospital for Diseases of the 
Throat, Nose and Ear; and by COLEMAN JEWELL, M.B. Lonp., M.R.C.S. 
Ena., Late Physician and Pathologist to the London Throat Hospital. 
With 150 Illustrations, and 70 coloured figures on 2 lithographic plates, 
Royal 8vo, 248. (Fust Published. 


ALLAN McLANE HAMILTON, ™.. 


THE MODERN TREATMENT OF HEADACHES. 
Square 16mo, 2s. 6d. 


WILLIAM A. HAMMOND, ™.. 
Professor of Mental and Nervous Diseases in the Medscal Department of the University of 
the Crty of New York, &c. 


A TREATISE ON THE DISEASES OF THE NERVOUS 
SYSTEM. Seventh editian, witp 112 Illustrations, large 8vo, 258. 


II, 


A TREATISE ON INSANITY. Large 8vo, 25s. 
111. 
SPIRITUALISM AND ALLIED CAUSES AND CON- 


DITIONS OF NERVOUS DERANGEMENT. With Illustrations, 
post 8vo, 8s. 6d. 


ALEXANDER HARVEY, mov. 


Late Emeritus Professor of Materia Medica tn the University of Aberdeen, &c 
AND 


ALEXANDER DYCE DAVIDSON, ™.p., F.R.s. EDIN. 
Late Regius Professor of Materia Medsca im the Universtty of Aberdeen. 


SYLLABUS OF MATERIA MEDICA FOR THE USE 
OF STUDENTS, TEACHERS AND PRACTITIONERS. Based 
on the relative values of articles and preparations in the Briti h 
Pharmacopeeia. Ninth edition, 32mo, 18. 6d. 


K. M. HEANLEY. 
Matron of Boston Cottage Hosptial. 


A MANUAL OF URINE TESTING. Compiled for the 
use of Matrons, Nurses, and Probationers. Post &vo, 18. 6d. 


videtiery oGRAILY, HEWITT, mo. | 

Professor of Midwifery a arson of Lhe si : i pial & college, Obstetrical Physician 

OUTLINES OF PICTORIAL DIAGNOSIS OF DIB- 
EASES OF WOMEN. Folio, 6s, 
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; C. HIGGENS, .r.c.s. 
Ophthalmic Surgeon to Guy's Hospital ; Lecturer on Ophthalmology at Guy's Hospital 
Medical School. 


MANUAL OF OPHTHALMIC PRACTICE. 


Crown 8vo, illustrations, 6s. [Lewis's Practica, Series.]} 








BERKELEY HILL, m.s. ronp., r.r.c.s. 
Professor of Clinscal Surgery in University College ; Surgeon to Unsversity College 
Hospital and to the Lock Hospital. 


I 


THE ESSENTIALS OF BANDAGING. With directions 
for Managing Fractures and Dislocations; for administering Ether and 
Chloroform; and for using other Surgical Apparatus; with a Chapter 
on Surgical Landmarks. Sixth Edition, revised and enlarged, Illustrated 
by 144 Wood Engravings, crown 8vo, 5s. 


Il. 


CHRONIC URETHRITIS, AND OTHER AFFECTIONS 
ri eae GENITO-URINARY ORGANS. Coloured plates, Royal 
vo, 38. 6d. 





® 
eS, 
BERKELEY HIQL, m.s.etonp., F-R.c.s. 
Professor of Citnscal a S64 an University College; Surgeon to University College 
ospttal and to the Lock Hospital. 


AND 
ARTHUR COOPER, t.r.c.P., M.R.C.8- 


Surgeon to the Westminster General Dispensary. 


I, 
SYPHILIS AND LOCAL CONTAGIOUS DISORDERS. 
Second edition, entirely re-written, royal 8vo, 18s. 
Il. 


THE STUDENT’S MANUAL OF VENEREAL DIS- 
EASES. Being a Concise Description of those Affections and of their 
Treatment. Fourth edition, post 8vo, 2s. 6d. 





PROCTER S. HUTCHINSON, ™.R.¢,8. 
Assistant Surgeon to the Hospitat yor Diseases of the Throat. 


A MANUAL OF DISEASES OF THE NOSE AND 


THROAT; including the Nose, Naso-pharynx, Pharynx, and Larynx. 
With Illustrations, crown 8vo. (In the press. 





Cc. R. ILLINGWORTH, ™.p. Ep., M.R.C.s. 


IVE TMENT OF SPECIFIC FE- 
ce OR ERS: BY THE BINIODIDE OF MERCURY. 


Crown 8vo, 38. 6d. a 





- 


SIR W. JENNER, Bart. mp. 
Physician in Ordinary to H.M. the Queen, and to H.R.H. the Prince of Wales. 


HE PRACTICAL MEDICINE OF TO-DAY: Two 
re eer delivered before the British Medical Association, and the 
Epidemiological Society, (1869). Small 8vo,1s.6d. - 4 
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GEORGE LINDSAY JOHNSON, M.., M.B., B.C, CANTAB. 
Clinical Assistant, late House Surgeon fg Chloroformsh , Royal Westminster Ophthalmic 
osprtal, &c 


A NEW METHOD OF TREATING CHRONIC GLAU- 
COMA, based on Recent Researches into its Pathology. With [llus- 
trations and coloured frontispiece, demy 8vo, 38. 6d. 


NORMAN KERR, .»., F.L.s8. 
President of the Society for the Study of Inebriety ; Consulting Physscsan, Dalrymple Home 
Jor Inebriates, etc. 


INEBRIETY: its Etiology, Pathology, Treatment, and 


Jurisprudence. Second edition, Crown 8vo, 128. 6d. 


NORMAN W. KINGSLEY, ™.p.s., D.p.s. 
President of the Board of Censors of the State of New York ; Member of the American 
Academy of Dental Science, &c. 


A TREATISE ON ORAL DEFORMITIES AS 
BRANCH OF MECHANICAL SURGERY. With over 350 Illus- 
trations, 8vo, 16s. 


J. WICKHAM LEGG, F.r.cr. 
Assistant Physictan to Saint Bartholomew's Hospital, and Lecturer on Pathological 
Anatomy in es Medical School. 


ON THE BILE, JAUN DICE, AND BILIOUS DISEASES. 
With Illustrations in chromo- thography, 719 pages, roy. 8vo, 258. 


A GUIDE TO THE EXAMINATION OF THE URINE; 
intended chiefly for Clinical Clerks and Students. Sixth Edition, revise 
and enlarged, with Illustrations, fcap. 8vo, 2s. 6d. 

III, 

A TREATISE ON HAMOPHILIA, SOMETIMES 
CALLED THE HEREDITARY HZMORRHAGIC DIATHESIS. 
Feap. 4to, 78. 6d. 


ARTHUR H. N. LEWERS, ™.D. LOND., M.R.C.P. LOND. 
Asststart Obstetric Physicsan to the London H ospital; Examiner in Midwifery and 
Diseases of Women to the Soctety of A pothecarses of London, &c. 


A PRACTICAL TEXTBOOK OF THE DISEASES OF 
WOMEN. Second edition, Illustrations, crown 8vo, gs. [Now ready. 
{Lewis’s Practica, SERIES. | 


DR. GEORGE LEWIN. 
Professur at the Fv. With. Unsverstty, and Sur  Seamrrpreed of the Syphilitte Wards and 
Skin Disease Wards of the Charité Hospital, Berisn, 


THE TREATMENT OF SYPHILIS WITH SUBCUTA- 
NEOUS ere INJECTIONS. Translated by Dr. CarL 
Praraie, and Dr. Gave, late Surgeon United States Army. 
Small 8vo, 78. 


LEWI8's J POCKET CASE BOOK FOR PRACTITIONERS 
STUDENTS. Designed by A. T. BRAND, M.D. Roan, with 


pearl 38. Gd, nett. 
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LEWiIsS’S PRACTICAL SERIES. 


Under this title Mr. Lewis is publishing a Series of Monographs, em- 
bracing the various branches of Medicine ahd Surgery. 

The volumes are written by well-known Hospital Physicians and Sur- 
geons, recognized as authorities in the subjects of which they treat. The 
works are intended to be of a THOROUGHLY PRACTICAL nature, calculated 
to meet the requirements of the practitioner and student, and to present the 
most recent information in a compact and readable form. 


HYGIENE AND PUBLIC HEALTH. 
By LOUIS C_ PARKES, M.D., D.P.H. Lonp. Unrv., Fellow of the Sanitary 
Institute,and Member of the Board of Examiners ; Assistant Professor of Hygiene 
and Public Health at University College, etc. Second edition, with numerous 
Illustrations, cr. 8vo, 9s. [Fust published. 


MANUAL OF OPHTHALMIC PRACTICE. 
By C. HIGGENS, F.R.C.S., Ophthalmic Surgeon to Guy's Hospital; Lecturer 


oo = EA enetoey at Guy's Hospital Medical School. With Illustrations, crown 
vo, 68. 


A PRACTICAL TEXTBOOK OF THE DISEASES OF WOMEN. 
By ARTHUR H. N. LEWERS, M.D. Lond., M.R.C.P. Lond., Assistant Ob- 
stetric Physician to the London Hospital, Examiner in Midwifery and Diseases 
of Women to the Society of Apothecaties of London, etc. Second Edition, 
with Illustrations, crown 8vo., 98 » e * 


® 

ANASTHETICS THEIR USES AND ADMINISTRATION. 
By DUDLEY W. BUXTON, M.D., BS., M.R.C.P., Administrator of 
Anesthetics in University College Hospital and the Hospital for Women, Soho 
Square. Crown 8vo, 4s. 


TREATMENT OF DISEASE IN CHILDREN: EMBODYING THE OUT- 
LINES OF DIAGNOSIS AND THE CHIEF PATHOLOGICAL DIFFER- 
ENCES BETWEEN CHILDREN AND ADULTS. of MONE}, 
M.D., F.R.C.P., Assistant Physician to the Hospital for Sick Children, Great 
Ormond Street, and to University College Hospital. Second edition, cr. 8vo, ros, 6d. 


ON FEVERS: THEIR HISTORY, ETIOLOGY, DIAGNOSIS, PROGNOSIS, 
AND TREATMENT. By ALEXANDER COLLIE, M.D. Aberd., Member 
of the Royal College of Physicians of London ; Medical Superintendent of the 
Eastern Hospitals ; Becteiat of the Epidemiological Society for Germany and 
Russia. Illustrated with Coloured Plates, crown 8vo, 88. 6d 


HANDBOOK OF DISEASES OF THE EAR FOR THE USE OF STUDENTS 
AND PRACTITIONERS. By URBAN PRITCHARD, M.D. Edin., F.R.C.S. 
Eng., Professor of Aural Surgery at King’s College, London ; Aural Surgeon to 
King's College Hospital; Senior Surgevn to the Koyal Ear Hospital. With 
Illustrations, crown 8vo, 45. 6d. 


A PRACTICAL TREATISE ON DISEASES OF THE KIDNEYS AND 
URINARY DERANGEMENTS. By CHARLES HENRY RALFE, M.A., 
M.D. Cantab., Fellow of the Royal College of Physicians, London; Assistant 
Physician to the London Hospital; Examiner in Medicine to the University of 
Durham, etc., etc. With Illustrations, crown bvo, 108. 6d. 


DENTAL SURGERY FOR MEDICAL PRACTITIONERS AND 8TUDENTS 
OF MEDICINE. By ASHLEY W. BARRETT, M.B. Lond., M.R.C.S., L.S.D., 
Dental Surgeon to, and Lecturer on Dental Surgery in the Medical School of, the 
London Hospital, Second edition, with Mlgarrasionss cr. 8vo, 38. 6d. 


BODILY DEFORMITIES AND THEIR TREATMENT: A HANDBOOK OF 
PRACTICAL ORTHOPADICS. By H, A. REEVES, F.R.C.S. Edin., Senior 
Assistant Surgeon and Teacher of Practical Surgery at the London Hospital; 
Surgeon to the Royal Orthopedic Hospital, &c. ith numerous Illustrations, 
cr, Svo, 8s. 6d. 


Further volumes will be announced in due course. 
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LEWIS’S POCKET MEDICAL VOCABULARY 


Second Edition, 32mo, roan. [In the press. 


T. R. LEWIS, M.3., F.R.S. ELECT, ETC. 
Late Fellow of the Calcutta U niversity, Surgeon-Mayor Army Medical Staff, &c. 


PHYSIOLOGICAL AND PATHOLOGICAL RESEAR- 

HES. Arranged and edited by Sir Wm. AITKEN, M.D., F.R.S., 

S. E. Dosson, M.B., F.R.S., and A. E. Brown, B.Sc. Crown 4to, 

portrait, 5 maps, 43 "plates including 15 chromo-lithographs, and 67 
wood engravings, 30s. nett. 


Cc. B. LOCKWOOD, F.r.c.s. 
Hunterian Professor, Royal College of Surgeons of England ; Surgeon to the Great Northern 
Hosprtal; Senor Demonstrator of Anatomy and "Operative Surgery tn 
St. Bartholomew's Hospvrtal. 


HUNTERIAN LECTURES ON THE MORBID ANA- 
TOMY, PATHOLOGY AND TREATMENT OF HERNIA. Demy 
8vo, 36 ‘illustrations, 5s. 


J. S. LOMBARD, mv. 
Formerly Assistant Professor of Physwology. tn Harvard College. 


EXPERIMENTAL RESEARCHES ON THE REGIONAL 
TEMPERATURE OF THE HEAD, under Conditions of Rest, In- 
tellectual Activity and Emotion. With Illustrations, 8vo, 8s. 


II. 
ON THE NORMAL TEMPERATURE OF THE HEAD. 


8vo, 58. 


WILLIAM THOMPSON LUSK, ao., mp. 
Professor of Obstetrics and Diseases of Women 1n the Belieune Hospital Medtcal College, &c. 


THE SCIENCE AND ART OF MIDWIFERY. 


Third Edition, with numerous Illustrations, 8vo, 18s. 


. MACFARLANE, M.D., F.R.C.P. EDIN. 


Examiner in pees urisprudence in the Unversity of Glas ow; wee Consuli: 
Plauton (late Phystetan) Krlmarnock I RPA 2 "8 


INSOMNIA AND ITS THERAPEUTICS. 
Medium 8vo, 128. 6d. [ Fust Published. 
6 


SURGEON-MAJOR C. J. MceNALLY, ™.p., p.p.w. cams. 
Fellow of the Madras Unsvessity ; Professor of Chr astry, Madras Medical College. 


THE ELEMENTS OF SANITARY SCIENCE. 
Plates, Demy 8vo, 8s. 6d 
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RAWDON MACNAMARA., 


Professor of Materia Medtca, Royal College of Surgeons, Ireland; Senior Surgeon to th 
Westmoreland (Lock) Government Hospstal ; Surgeon to the Meath Hospatal, etc. , 


AN INTRODUCTION TO THE STUDY OF 
BRITISH PHARMACOPCEIA. Demy 32mg, ts. 6d. [fust ae 


JOHN MACPHERSON, mo. 
Inspector-General of H mapstals H.M. Bengal Army (Retired). 
Axthor of “ Cholera tn sts Home,” &c. 


I 


ANNALS OF CHOLERA FROM THE EARLIEST 
PERIODS TO THE YEAR 1817. Withamap. Demy 8vo, 7s. 6d. 


WW. 


BATH, CONTREXEVILLE, AND THE LIME SUL- 
PHATED WATERS. Crown 8vo, 2s. 6d. 


or td 
DR. V. MAGNAN. 
Physician to St. Ann Asylum, Parss; Laureate of the Institute. 


ON ALCOHOLISM, the Various Forms of Alcoholic 


Delirium and their Treatment. Translated by W. S. GREENFIELD, 
M.D., M.R.C.P. 8vo, 78. 6d. 





A. COWLEY MALLEY, B.A., M.B., B.CH. T.C.D. 


PHOTO-MICROGRAPHY; including a description of 
the Wet Collodion and Gelatino-Bromide Processes, together with the 
best methods of Mounting and Preparing Microscopic Objects for Photo- 
Micrography. Second Edition, with Photographs and Illustrations, 
crown 8vo, 78. 6d. 





PATRICK MANSON, ™.D., CM. 
Amoy, China. 


UINIS HOMINIS; AND CER- 
THES aw onnte OF PARASITIC DISEASE IN INDIA, 


CHINA, AND WARM COUNTRIES. Illustrated with Plates and 
Charts. 8vo, ros. 6d. 


panera er 





‘ TON, M.D., C.B., F.R.C.S.) M.R-C.P. LOND. 
eco en si oe General Medscal Staff. 


YPHOID FEVER: Tropical Life and some of its 
: Sequelae. Crown 8vo. ¥ [Faust ready. 
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PROFESSOR MARTIN. 


MARTIN’S ATLAS OF OBSTETRICS AND GYNACO- 
LOGY. Edited by A. Martin, Docent in the University of Berlin. 
Translated and edited with additions by FancourtT Barnes, M.D., 
M.R.C P., Physician to the Chelsea Hospital for Women; Obstetric 
Physician to the Great Northern Hospital; and to the Royal 
cep Pied of London, &c. Medium 4to, Morocco half bound, 
31s. 6d. nett. 


WILLIAM MARTINDALE, F.c.s. 


Late Examiner of the Pharmaceutical Society, and late Teacher of Pharmacy and Demon- 
strator of Materta Medsca at Unsversity Cotlege. 


AND 
W. WYNN WESTCOTT, m.s. Lonp. 
Deputy Coroner for Central Middlesex. 


THE EXTRA PHARMACOPGIA with the additions in- 
troduced into the British Pharmacopeeia, 1885, with Medical References, 
and a Therapeutic Index of Diseases and Symptoms. Sixth Edition, 
limp roan, med. 24mo, 78 6d. [Now ready. 


WILLIAM MARTINDALE, F.c.s. 


Late Examiner of the Pharmaceutical Society, &c. 


COCA, COCAINE, AND ITS SALTS: their History, 
Medical and Economic Uses, and Medicinal Preparations. Fcap. 8vo, 2s. 


MATERIA MEDICA LABELS. 


Adapted for Public and Private Collections. Compiled from the British 
Pharmacopeeia of 1885. The Labels are arranged in Two Divisions :— 
Division I.—Comprises, with few exceptions, Substances of Organ- 
ized Structure, obtained from the Vegetable and Animal King- 
doms. 
Division I%.—Comprises Chemical Materia Medica, including Alco- 
hols, Alkaloids, Sugars, and Neutral Bodies. 


On plain paper, ros. 6d. neff. On gummed paper, 12s. 6d. neét. 
*.* Specimens of the Labels, of which there are over 450, will be sent on ‘application. 


sz. MAUNSELL, Lp.c.s.1. 
Surgeon-Major, Medical Staff. 
NOTES OF MEDICAL EXPxXRIENCES IN INDIA 


PRINCIPALLY WITH REFERENCE TO DISEASES OF THE 
EYE. With Map, post 8vo, 3s. 6d. 
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J. F. MEIGS, mop. 
Consulting Physician to the Children's Hospstal, Philadelphia. 


AND 


W. PEPPER, ™o. 


Lecturer on Clinical Medicine in the U niverstty of Pennsylvania. 


A PRACTICAL TREATISE ON THE DISEASES OF 
CHILDREN. Seventh Edition, revised and enlarged, roy. 8vo, 28s. 


Wm. JULIUS MICKLE, ».p., F.r.c.p. Lonp. 
Medtcal Superintendent, Grove Hali Asylum, London, &c. 


I. 
GENERAL PARALYSIS OF THE INSANE. 
Second Edition, enlarged and rewritten, 8vo, 148. 
If. 
ON INSANITY IN RELATION TO CARDIAC AND 
AORTIC DISEASE AND PHIHIsIs. Crown &vo, 3s. 6d. 


KENNETH w. MILLICAN, B.& CANTAB., M.R.C.8. 


THE EVOLUTION OF MORBID GERMS: A Contribu- 
tion to Transcendental Pathology. Cr. 8vo, 38. 6d. 


ANGEL MONEY, M.p. LOND., F.R.C.P. 
Assistant Physician to University College Hospital, and to the Hospitgl for Sick Children 
Great Ormond Street ; Assistant Professor of Clinical Medicine tn University 
College, London, &c. 


I. 
THE STUDENT’S TEXTBOOK OF THE PRACTICE 
OF MEDICINE. Fcap. 8vo, 6s. 6d. [Fust Published. 


Il. 
TREATMENT OF DISEASE IN CHILDREN: EM- 
BODYING THE OUTLINES OF DIAGNOSIS AND THE 
CHIEF PATHOLOGICAL DIFFERENCES BETWEEN CHILD- 


REN AND ADULTS. Second edition, crown 8vo, Ios. 6d. [Now ready. 
(Lewis’s PracTicaL SERIES. J 


E. A. MORSHEAD, M.R.C.S., L-R.C.P. 
Assistant to the Professor of Medicine sn Unsversity College, London. 
TABLES OF THE PHYSIOLOGICAL ACTION OF 
DRUGS. Fcap. 8vo, 1s. 


A. STANFORD MORTON, .™.8., F.R.C.8. ENG. 
Surgeon to the Royal South London Ophthalmsec Hospital. 


REFRACTION OF THE EYE: Its Diagnosis, and the 
Correction of its Errors. Third Edition, with Illustrations, @mall 8vo. 


38. 
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Cc. W. MANSELL MOULLIN, ™.a., M.v. OXON., F.R.C.S. ENG. 
Asssstant Surgeon and Sensor Demonstrator of Anatomy at the London Hospital ; formerly 
Radcliffe Traveling Feliow and Fellow of Pembroke College, Oxford. 


SPRAINS; THEIR CONSEQUENCES AND TREAT- 
MENT. Crown 8vo, 58. 


PAUL F. MUNDE, ™.p. 
Professor of Gynecology at the New York Polyclinic ; President of the New York Obstetrical 
Soctety and Vice-Pressdent of the British Gynecological Society, &e. 
THE MANAGEMENT OF PREGNANCY, PARTURI- 
TION, AND THE PUERPERAL STATE. Second edition, square 
Svo, 38. 6d. 


WILLIAM MURRELL, M.D., F.R.c.P. 


Lecturer on Pharmacology and Therapeutus at Westminster Hosprtal; late Examiner i 
Materta Medica to the Royal College of Phystcians of London, etc. 


I. 
MASSOTHERAPEUTICS, OR MASSAGE AS A MODE 
OF TREATMENT. ritth edition, with Illustrations, crown 8vo, 
48. 6d. e e [Now ready. 

Il. 


WHAT TO DO IN CASES OF POISONING. 
Sixth edition, royal 32mo, 3s. 6d. [Fust published. 


III. 


NITRO-GLYCERINE AS A REMEDY FOR ANGINA 
PECTORIS. Crown 8vo, 3s. 6d. 


IV 


CHRONIC BRONCHITIS AND ITS TREATMENT. 


Crown &vo, 3s. 6d. 


DR. FELIX von NIEMEYER. 
Late Professor of Pathology and Therapeutscs ; Dtrector of the Medscal Clinic of the 
University of Tubingen. 

A TEXT-BOOK OF PRACTICAL MEDICINE, WITH 
PARTICULAR REFERENCE TO PHYSIOLOGY AND PATHO- 
LOGICAL ANATOMY. Translated from the Eighth German Edi- 
tion by special permission of the Author, by Grorce H. Humpuery, 
M.D., and CuHarLes E. Hacxirey, M.D. Revised edition, 2 vols. 
large 8vo, 36s. 


GEORGE OLIVER, ».p., F,R.c.p. 
I 


THE HARROGATE WATERS: Data Chemical and Therapeu- 
tical, with nétes on the Climate of Harrogate. Addressed to the 
Medical Profession. Crown 8vo, with Map of the Wells, 3s. 6d. 


iI. 


OW BEDSIDE URINE TESTING: a Clinical Guide to the 
Obsetvation of Urine in the course of Work. Fourth Edition, fcap. 


vo, 38. 6d. [Hust published. 
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SAMUEL OSBORN, r.r.c.s. 
A sststant-Surgeon to the Hospstal for Women ; Surgeon Royal Naval Artillery Volunteers. 


i. 
AMBULANCE LECTURES: FIRST AID. Second edition. 


with Illustrations, fcap. 8vo, 1s. 6d. 


AMBULANCE LECTURES: NURSING. With Illustrations, 
fcap. 8vo, 18. 6d. 


WILLIAM OSLER, m.p., F.R.c.P. LOND. 


Professor of Cisnical Medicine in the University of Pennsylvanta, &¢. 


THE CEREBRAL PALSIES OF CHILDREN. A Clinical 
Study from the Infirmary for Nervous Diseases, Philadelphia. Demy 


SVO, 58. [Fust Published. 


K. W. OSTROM., 


Instructor in Massage and Swedish Movements tn the Hospital of the University of 


Pennsyivanta. 4 
MASSAGE AND THE ORIGINAL SWEDISH MOVE- 
MENTS. With illustrations, 12mo, 2s. 6d. nef. [Now ready. 





ROBERT W. PARKER. ; 
Surgeon to the East London Hospttal for Children, and to the Grosvenor Hospital for 
omen and Children. 


le 
TRACHEOTOMY IN LARYNGEAL DIPHTHERIA, 
AFTER TREATMENT AND COMPLICATIONS. Second Edition. 


With Illustrations, 8vo, 5s. 


It. 
CONGENITAL CLUB-FOOT; ITS NATURE AND 
TREATMENT. With special reference to the subcutaneous division 


of ‘l'arsal Ligaments. 8vo, 78. 6d. 


LOUIS C. PARKES, ™.D., D.P.H. LOND. UNIV. 
Fellow of the Sanitary Institute, and Member of the Board of Examiners ; Asststant Pro- 
fessor of Hygiene and Public Health at University College, London, &. 


HYGIENE AND PUBLIC HEALTH. Second edition, with 


numerous Illustrations, crown 8vo, gs- {Fust Published. 
(Lewis’s Practica, SERIES. } 


JOHN S. PARRY, Mp. | . 
Obstetrician to the Philadelphia Hospital, Vice-President of the Obstetrical and Pathologi+ 
cal Soctetses of Philadelphia, &c. 


EXTRA-UTERINE PREGNANCY; Its Causes, 8 clon, 
Pathological Anatomy, Clinical History, Diagnosis, Progndsis 
Treatment. 8vo, 8s. 
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eb asad naneceneneneot arr a  e 


THEOPHILUS PARVIN, ™.p. 
Professor of Obstetrics and Diseases of Women and Children at the Fefferson Medtcal School. 


LECTURES ON OBSTETRIC NURSING, Delivered at 
the oe School for Nurses of the Philadelphia Hospital. Post 8vo, 
28. 








ee 


E. RANDOLPH PEASLEE, o.p., uu.p. 
Late Professor of Gynecology sn the Medical Department of Dartmouth College; Pressdent 
of the New York Academy of Medicine, &c., &c. 


OVARIAN TUMOURS: Their Pathology, Diagnosis, and 


Treatment, especially by Ovariotomy. Illustrations, roy. 8vo, 16s. 


G. V. POORE, M.D., F.R.C.P. 
Professor of Medical Furtsprudence, University College, Asststant Phystcian to, and Physs~- 
cian tn charge of the Throat Department oo University College Hospital. 


LECTURES ON THE PHYSICAL EXAMINATION OF 
hie MOUTH AND THROAT. With an Appendix of Cases. 8vo, 
38. * @ 


e 
€ A 





R. DOUGLAS POWELL, M.p., F.R.C.P., M.R.C.S. 
Phystcsan Extraordinary to HM. the Queen; Physician to the Middlesex Hospstal and 
Phystctan to the Hospstal for Consumption and Deseases of the Chest at Brompton, 


ear catr Ate THE LUNGS AND PLEURA, INCLUD- 
ING CONSUMPTION. Third edition, entirely rewritten and en- 
larged. With coloured plates and wood engravings, 8vo, 16s. 





URBAN PRITCHARD, M.D. EDIN., F.R.C.8. ENG. 
Professor of Aural Surgery at King’s College, London; Aural Surgeon to Keng's College 
Hospttal ; Senior Surgeon to the Royal Ear Hospital. 


HANDBOOK OF DISEASES OF THE EAR FOR THE 
USE OF STUDENTS AND PRACTITIONERS. With Illustra- 
‘ tions, crown 8vo, 48. 6d. [Lewis's PRAcTICAL SERIES.} 





CHARLES W. PURDY, ™.v. (qugen’s ony). 
Professor of Genitu-Urinary and Reaal Dyssases in the Cascago Polyclinse, &c. 


BRIGHT’S DISEASE AND THE ALLIED AFFECTIONS 
OF THE KIDNEYS. With illustrations, large 8vo, 8s. 6d, 





NRY M.A.y M.D. Ch FRCP. & 
CUARLES MENRY RAUPE x1, ub srn achaee 


Gea le ®. 
Si edin 
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FRANCIS H. RANKIN, mp. 
President of the New York Medical Society. 
HYGIENE OF CHILDHOOD. Suggestions for the care 
of Children after the Period of Infancy to the completion of Puberty. 
Crown 8vo, 35. 


AMBROSE L. RANNEY, a.m., mv. 

Professor of the Anatomy and Phystology of the Nervous System in the New York Post- 
Graduate Medscal School and Hospital, Professor of Nervous and Mental Diseases 

an the Medscal Department of the Unsuersety of Vermont. 

THE APPLIED ANATOMY OF THE NERVOUS BSYS- 
TE Being a Study of this portion of the Human Body from a 
stand-point of its general interest and practical utility in Diagnosis, 
designed for use as a text-book and a work of reference. Second edit , 
238 Illustrations, large 8vo, 218. [Sust published. 


H.A. REEVES, r.rcs. epIn. 
Sentor Asststant Surgeon and Teacher of Practical Surecry at the London Hospital ; 
Surgeon to the Royal Osthopadic Hospital. 

BODILY DEFORMITIES AND THEIR TREATMENT: 
A HANDBOOK OF PRACIICAL °ORJHOPZDICS. With 
numerous Illustrations, crown 8vo, &. 6d.* , 

(Lewis’s PracTicaL SERIES. 





RALPH RICHARDSON, ™.a., m.p. 
Fellow of the College of Physicians, Edinburgh. 


ON THE NATURE OF LIFE: An Introduetory Chap- 
ter to Pathology. Second edition, revised and enlarged. Fcap. 4to, 


Ios. 6d. 


W. RICHARDSON, ™.a., M.D., M.R.C.P. 


REMARKS ON DIABETES, ESPECIALLY IN REFER- 
ENCE TO TREATMENT. Demy 8vo, 4s. 6d. 





SAMUEL RIDEAL, p.sc. (LonD ), F.1C., F.C.S.) F.G.S. 
Fellow of University College, Lendon. 


I. 
PRACTICAL ORGANIC CHEMISTRY; The Detection 
and Properties of some of the more important Organic Compounds, 
Zamo, 28. 6d. [ fust published. 
I. 

PRACTICAL CHEMISTRY FOR MEDICAL STUDENTS, 
required at the First Examination of the Conjoint Examining Board in 

England. Foolscap 8vo, 2s. : 





E. A. RIDSDALE. 
‘ Associate of the Royal School of Mtxes. 
COSMIC EVOLUTION ; being Speculations on the Origin 
of aur Eavironment. Feap. 8vo, 35. 
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SYDNEY RINGER, oM.., F.R.8. 


Prafessor of the Principles and Practice of Medicine in Unsversity College; Physician to, 
and Professor of Clinical Medicine in, University College Hospital. 


A HANDBOOK OF THERAPEUTICS. Twelfth Edition, 


thoroughly revised, 8vo, 15s. 
II. 


ON THE TEMPERATURE OF THE BODY AS 
A MEANS OF DIAGNOSIS AND PROGNOSIS IN PHTHISIS. 
Second edition, small 8vo,; 2s. 6d. 


FREDERICK T. ROBERTS, .p., B.sc., F.R.C.P. 


Examiner in Medicine at the University of London and for the Conjoint Board ; Professor 
of Materia Medica and Therapeutics and of Clinical Medicmne at Universsty 
College; Physician to University College Hospital ; Phystcran to 
Brompton Consumption Hospttal, &c. 


I. 


A HANDBOOK OF\ THE THEORY AND PRACTICE 
OF MEDICINE. Kighth edcion, with Illustrations, in one volume, 
large 8vo, 21s. (Fust published. 


*4* Copies may also be had bound in two volumes cloth for 1s. 6d. extra. 


THE OFFICINAL MATERIA MEDICA. 
Second edition, entirely rewritten in accordance with the latest British 
Pharmacopeeia, fcap. 8vo, 7s. 6d. 


R. LAWTON ROBERTS, ™.n. Lonp., D.P.H. CAMB. 


Honorary Life Member of, and Lecturer and Examiner to, the St. Fohn Ambulance 
A ssoctation. 


‘ILLUSTRATED LECTURES ON AMBULANCE WORK. 


Third edition copiously Illustrated, crown 8vo, 2s. Gd. 


If. 


ILLUSTRATED LECTURES ON NURSING AND HY- 
GIENE. With Illustrations, crown 8vo. [Fust ready. 


D. B. St. JOHN ROOSA, ™.a., up. 


Professor of Diseases of the Eye and Ear in the Universtty of the City of New York; Surgeon 
y to the Manhattan Eye and Ear Hospital. f 


A PRACTICAL TREATISE ON THE DISEASES OF 
THP EAR, including the Anatomy of the Organ. Sixth edition, 
Illustrated by wood engravings and chromo-lithographs, large 8vo, ass. 


Catalogue of Works Published by H. K. Lewis. 28 


ROBSON ROOSE, »™0. 
Fellow of the Royal College of Physicians 1n Edinburgh. 


I. 
GOUT, AND ITS RELATIONS TO DISEAS 
THE IVER AND KIDNEYS. Sixth Edition, crown ne 


II, 
NERVE PROSTRATION AND OTHER FUNCTIONAL 
DISORDERS OF DAILY LIFE. Crown &vo, ros. 6d. 


II. 


LEPROSY AND ITS TREATMENT: as Illustrated by 


Norwegian Experience. Crown 8vo, 35. 6d. 


BERNARD ROTH, Frcs. 


Fellow of the Medical Society of London; Member of the Clinical and Pathological Societus 
and of the Medtcal Officers of Schools’ Association. 


THE TREATMENT OF LATERAL CURVATURE OF 
THE SPINE. With Photographig and other“Illustrations, demy 8vo, 


Js BURDON SANDERSON, M.D., LL.D., F.R.S. 
Jodrell Professor of Physiology in University College, LoMion. 


UNIVERSITY COLLEGE COURSE OF PRACTICAL 
EXERCISES IN PHYSIOLOGY. With the co-operation of F. J. M. 
Paaez, B.Sc., F.C.S.; W. Norru, B.A., F.C.S., and Auc. WALLER, M.D. 


Demy 8vo, 38. 6d. 


Ww. H. O. SANKEY, M.D. LOND., F.R.C.P. 


Late Lecturer on Mental Diseases, Universsty College, London, etc. 


LECTURES ON MENTAL DISEASE. Second Edition, with 


coloured plates, 8vo, 128. 6d. 


JOHN SAVORY. 
Member of the Soctety of Apothecaries, Londd®. 


A COMPENDIUM OF DOMESTIC MEDICINE AND 
COMPANION TO THE MEDICINE CHEST: Intended as a 
source of easy reference for Clergymen, Master Mariners, and Tra- 
vellers; and for Families resident at a distance from professioffal assist- 
ance. Tenth Edition, sm. 8vo, 58. 
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 _B, SCHMIEGELOW, >. 
Consulting Physician in Laryngology to the Muntctpal Hospital and Director of the Oto- 
Laryngological Department in the Polyclinic at Copenhagen. 


ASTHMA: Especially in its Relation to Nasal Disease. 
Demy 8vo, 48. 6d. 


DR. B. S. SCHULTZE. 
Professor of Gynecology; Director of the Lying-in Hospstal, and of the Gynecological 
Cisnzc at Fena. 

PATHOLOGY AND TREATMENT OF DIS- 
PLACEMENTS OF THE UTERUS. Translated by J. J. Macan, 
M.A., M.R.C.S. and edited by A. V. Macan, M.B., M.Ch., Master of 
ri papery Lying-in Hospital, Dublin. With 120 I!Nustrations, medium 

vo, 128. 6d. 


JOHN V. SHOEMAKER, a.M., M.D. 
Professor of Skin Diseases in the Medtco-Chtrurgtcal College and Hospital of Philadelphia ; 
Physicran to the Philadelphia Hospital for Diseases of the Skin. 


A PRACTICAL TREATISE ON DISEASES OF THE 
SKIN. Coloured Plates and gther Illustrations, large 8vo, 248. 
e 


WM. JAPP SINCLAIR, M.a., M.D. 
Honorary Physician to the Manchester Southern Hospitat for Women and Children, and 
Manchester Maternity Hospital. 


ON GONORRH@AL INFECTION IN WOMEN. 
Post 8vo, 48. 


A. J. C. SKENE, M.D. 
Professor of Gynecology wn the Long Island College Hosprtal, Brooklyn, New York. 


TREATISE ON THE DISEASES OF WOMEN, FOR 
THE USE OF STUDENTS AND PRACTITIONERS. Nine 
coloured plates and 251 engravings, large 8vo, 28s. 


ALDER SMITH, o.s. Lonp., F.R.C.8. 
Resident Medical Officer, Christ's Hospital, London. 


RINGWORM: Its Diagnosis and Treatment. 
Third Edition, enlarged, with Illustrations, fcap. 8vo, 58. 6d. 


J. LEWIS SMITH, mo». . 
Physician to the New York Infants’ Hospttal; Clsnscal Lecturer on Diseases of Children 
on Bellevue Hospital Medical College. 


A TREATISE ON THE DISEASES OF INFANCY 
AND CHILDHOOD. Fifth Edition, with Illustrations, large 8vo, 218. 


FRANCIS W. SMITH, ».s., 3.8. 
THE SALINE WATERS OF LEAMINGTON. Second Edit., 


wit Illustrations, crown 8vo, 18. nett. 
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JOHN KENT SPENDER, ™.p. Lonp. 
Physician to the Royal Mineral Watcr Hospital, Bath. 


THE EARLY SYMPTOMS AND THE EARLY T - 
MENT OF OSTEO-ARTHRITIS, commonly called canna 


ae with special reference to the Bath Thermal Waters. Sm. 8vo. 
28. e 


7 LOUIS STARR, mo. 
Clinical Professor vA Diseases of Children in the Hospstal of the University of Pennsylvania ; 
Aysician to the Children's Hospital, Philadelphia, &c. 


HYGIENE OF THE NURSERY. Including the General 
Regimen and Feeding of Infants and Children. and the Domestic 
Management of the Ordinary Emergiences of Early Life. Second 
edition, with Iliustrations, crown 8vo, 3s. 6d. [Fust published. 


JAMES STARTIN, M.s., M.R.¢.8. 
Surgeon and Joint Lecturer to St. John's H ospital for Diseases of the Skin. 


LECTURES ON THE PARASI?PI DISEASES OF 
THE SKIN. VEGETOID AND ANIMAL. With Illustrations, 
crown 8vo, 28. 6d. 


ww. R. H. STEWART, F.R.c.s., L.R.C.P. EDIN. 
Aural Surgeon to the Great Northern Phere Hoapial: Surgeon to The London Throat 
ospital, &c. 


EPITOME OF DISEASES AND INJURIES OF THE 
EAR, with a Chapter on Naso-Pharyngeal Diseases causing Deafness. 
Demy 32mo, 28. 6d. 


LEWIS A. eiterornng th grea ne = 
surgeon to the Presbyterian and Bellevue Hospstals ; Professor of Clinical Surgery in the 
oe M lee. Faculty of the U pk te of the Cuty of New York, &c. , 


A MANUAL OF OPERATIVE SURGERY. ; 
Second Edition, with three hundred and forty-two Illustrations, post 
8vo, ros. 6d. 


ADOLF STRUMPELL. 
Director of the Medical Clinic in the University of Erlangen. 


A TEXT-BOOK OF MEDICINE FOR STUDENTS 
AND PRACTITIONERS. Translated from the latest German edition 
by Dr. H. F. Vickery and Dr. P. C. Knapp, with Editorial Notes by 
Dr. F. C. SHatrruck, Visiting Physician to the Massachusetts General 
Hospital, etc. Complete in one large vol., imp. 8vo, with 111 Illustra- 
tions, 28s. 
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peace JUKES DE beanie M.E.Q.C. .P., ETC. 
sician~ rie elie} ate sician in Ordinary, to the Salop Injirma Consults 
z Physician to the South Salop ana Montgomeryshire lop, Infirmary : es 


THE YOUNG PRACTITIONER: WITH PRACTICAL 
HINTS AND INSTRUCTIVE SUGGESTIONS, AS SUBSIDIARY 
AIDS, FOR HIS GUIDANCE ON ENTERING INTO PRIVATE 
PRACTICE. Demy 8vo, 7s. 6d. nett. 

II. 

A CODE OF MEDICAL ETHICS: WITH GENERAL 
AND SPECIAL RULES FOR THE GUIDANCE OF THE 
FACULTY AND THE PUBLIC IN THE COMPLEX RELA- 
TIONS OF PROFESSIONAL LIFE. Third edition, demy 8vo, 


38. nett. 
III. 


MEDICO-CHIRURGICAL TARIFFS. 


Fourth Edition, fcap. 4to, revised and enlarged, 2s. nett. 
IV. 
YOUNG PRACTITIONER: HIS CODE AND 
ngs Being the above three works in one volume. Demy 8vo, 
z0s. 6d. nett. 


—. 


Cc. W. SUCKLING, M.p. LOND., M.R.C.P. 
Professor of Materta Medica and Therapeutics at the Queen's "College, Physician to the 
Queen's Hospital, Birmingham, etc. 


I. 
ON THE «DIAGNOSIS OF DISEASES OF THE 
BRAIN, SPINAL CORD, AND NERVES. With Illustrations, 
crown 8vo, 8s. 6d. 
IX. 


ON THE TREATMENT OF DISEASES OF THE 
NERVOUS SYSTEM. Crown 8vo, 7s. 6d. 


JOHN BLAND SUTTON, F.r.c.s. 
"Lecturer on Comparative Anatomy, Senior Demonstrator of Anatomy, and Assistant Surgeon 
to the Msddlesex Hospital; Evasmus Wilson Lecturer, Royal College of 
‘Surgeons, England. 


LIGAMENTS: THEIR NATURE AND MORPHOLOGY. 


With numerous Illustrations, post 8vo, 4s. 6d. 





m HENRY R. D vhs Royal Uni Actes ape » FRC. te P 
O Tike Ine Sur in ¢ 0: versity of Ireland, and to the loin? 
See ced of ihe the Hone and Queen ween’ 3 College rc of Physicians and Royal Collegeof is 
Wea. reland 


National Eye and Ear 
basi nt any: *y, Dublin, etc. 
A HANDBOOK OF THE DISEASES OF THE FYE AND 
THEIR TREATMENT. Third Edition, Ulustrated with wood- 


engravings, colour tests, etc., small 8vo, 108. 6d. [Fust Published. 
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Profesor of BLU GENE S.,TALBOT, mp. p.v.s. 
rope ental Surgery 1n the Woman's Medical Colleges Lect 
Pathology and Surgery in Rush Medscal College, Chicago. wisi 


IRREGULARITIES OF THE TEET 
TREATMENT. With 152 Illustrations, royal ts ae eta 


H. COUPLAND TAYLOR, >». 
Fellow of the Royal Meteorological Society. 


WANDERIN GSIN SEARCH OF HE 
MEDICAL AND METEOROLOGICAL NOTES ag Ta iOue 


FOREIGN HEALTH RESORTS. Crown 8vo, with illustrations, 6s. 
[Now ready. 


JOHN DAVIES THOMAS, o.p. Lonn., F.x.¢.s. ENG. 
Physician to the Adelaide Hospital, S. Australia. 


I. 
HYDATID DISEASE, WITH SPECIAL REFERENCB 
TO ITS PREVALENCE IN AUSTRALIA. Demy 8vo, ros. 6d. 


II. e 
HYDATID DISEASE OF TH LUNGS. Demy 8vo, 28. 


HUGH OWEN THOMAS, s.z.¢.s. 
CONTRIBUTIONS TO SURGERY AND MEDICINE — 
ParT 1.—Intestinal Obstruction; with an Appendix on the Action of 
Remedies. ros. 


2.—The Principles of the Treatment of Joint Disease, Inflamma- 
tion, Anchylosis, Reduction of Joint Deformity, Bone Set- 


ting. 58. 
1 3-—Fractures, Dislocations, Diseases and Deformities of the 
Bones of the Trunk and Upper Extremities. os. , 


4.—The Collegian of 1666 and the Collegians of 1885; or what is 
recognised treatment? Second Edition, 1s. 

5.—On Fractures of the Lower Jaw. 1s. 

6.—The Principles of the Treatment of Fractures and Disloca- 
tions. 106. 

7.—Fractures, Dislocations, Deformities, and Diseases of the 

Lower Extremities, 108. 
8.—The Inhibition of Nerves by Drugs. Proof that Inhibitory 


3? 
Nerve-Fibres do not exist. 18. ‘ 


(Parts 9 and ro are in preparation). 
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J. ASHBURTON THOMPSON, ».z.c,:s. 
Lats Surgeon at King’s Cross to the Great Northern Railway Company, 


FREE PHOSPHORUS IN MEDICINE WITH SPE. 
CIAL REFERENCE TO ITS USE IN NEURALGIA. A contribution 
to Materia Medica and Therapeutics. An account of the History, Phar- 
maceutical Preparations, Dose, Internal Administration, and Therapeu- 
tic uses of Phosphorus; with a Complete Bibliography of this subject, 
referring to nearly 200 works upon it. Demy 8vo, 78. 6d. 


J. C. THOROWGOOD, »™pd. 
Assistant Physscian to the City of London Hospital for Diseases of the Chest. 


THE CLIMATIC TREATMENT OF CONSUMPTION 
AND CHRONIC LUNG DISEASES. Third Edition, post 8vo, 38 6d 


D. HACK TUKE, ™.p., ui.p. 
Feliow of the Royal Cellege of Physicians, London. 
THE INSANE IN THE UNITED STATES AND 
CANADA. Demy 8vo, 7s. 6d. 


DR. R. ULTZMANN. 
ON STERILITY AND IMPOTENCE IN MAN. Translated 


from the German with notes and additions by ARTHUR CoopER, L.R.C.P., 
M.R.C.S., Surgeon to the Westminster General Dispensary. With 
Illustrations, fcap. 8vo, 2s. 6d. 


W. H. VAN BUREN, ™.p., vu.p. 
Professor of Surgery in the Bellevue Hospital Medical College. 


DISEASES OF THE RECTUM: And the Surgery of the 


Lower Bowel. Second Edition, with Illustrations, 8vo, 148. 


UDOLPH VIRCHOW, ».v. 
Professor in the University, and Member of the Academy of Sciences of Berlin, &c., &. 


INFECTION-DISEASES IN THE ARMY. Chiefly 
Wound Fever, Typhoid, Dysentery, and Diphtheria. Translated from 
the German by Joun James, M.B., F.R.C.S, Feap. 8vo, 1s. 6d, 
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ALFRED VOGEL, mov. 
Professor of Clinical Medicine in the University of Dorpat, Russia. 


A PRACTICAL TREATISE ON THE DISEASES OF 
CHILDREN. Third Edition, translated and edited by H. RAPHAEL, 
M.D., from the Eighth German Edition, illustrated by six lithographic 
plates, part coloured, royal 8vo, 18s. 


A. DUNBAR WALKER, ™.p., cm. 


THE PARENT’S MEDICAL NOTE BOOK. 
Oblong post 8vo, cloth, 1s. 6d. 


JOHN RICHARD WARDELL, Mp. EDIN., F.R.c.P. LOND. 
Late Consulting Phystcian to the General Hospital Tunbridge Wells. 


CONTRIBUTIONS TO PATHOLOGY AND THE PRAC- 
TICE OF MEDICINE. Medium 8yo, 21m | . 


W. SPENCER WATSON, F.R.c.8. ENG., RM. LOND. 


Surgeon to the Throat Debarinen of the Great Northern Hospital ; Senior Surgeon to the 
oval South London Ophthaimec Hospital. 


I. 
DISEASES OF THE NOSE AND ITS ACCESSORY 
CAVITIES. Second edition, profusely Illustrated, demy 8vo, 128. 6d. 
[Now ready. 
II, 


EYEBALL-TENSION: Its Effects on the Sight and its 
Treatment. With woodcuts, p. 8vo, 2s. 6d. 


Til. 


ON ABSCESS AND TUMOURS OF THE ORBIT. 
Post 8vo, 2s. 6d. 


FRANCIS H. WELCH, F.r.c.s. 
Surgeon Major, A.M.D.  ) 


BNTERIC FEVER: as Illustrated by Army Data at Home 
and Abroad, its Prevalence and Modifications, AZtiology, Pathology and 
Treatment. 8vo, 58. 6d. 
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W. WYNN WESTCOTT, ™.s. 
Deputy Coraner for Centrai Middlesex. 


SUICIDE; its History, Literature, Jurisprudence, and 


Prevention. Crown 8vo, 6s. 


E. G. WHITTLE, ™.p. tonp., F.r.c.8. ENG. 
Sentor Surgeon to the Royal Alexandra Hospital for Sick Children, Brighton 


CONGESTIVE NEURASTHENIA, ORINSOMNIA AND 
NERVE DEPRESSION. Crown 8vo, 3s. 6d. 


JOHN WILLIAMS, »™.p., F.r.c.p. 
ne of Medusfery en Unsverstty Callege, London; Obstetrac Physician to Unwersity 
College Hospital, Rhystc1an Accoucheur to H. "RH. Princess Beatrice, etc. 
CANCER OF THE UTERUS: Being the Harveian Lec- 
tures for 1886. Illustrated with Lithographic Plates, royal 8vo, ros. 6d. 


q 
E. F. WILLOUGHBY, ™.p. tonp. 


THE NATURAL HISTORY OF SPECIFIC DISEASES, 
gt erie oF CETIOLOGY, IMMUNITY, AND PROPHY- 
- 8vO, 28. 


E. T. WILSON, BM. oxon., F.R.C.P. LOND. 
Phystcean to the Cheltenham General Hospital and Dispensary. 


DISINFECTANTS AND HOW TO USE THEM. In 
Packets of one doz. price Is. 


R. F. WINCKEL. 
Formerly Professor and Derector of the Gynecological Clinic at the Unsverstty of Rostock. 


Bes or Be Saag tedcbe ol AND TREATMENT OF CHILD- 
D: A Treatise for Physicians and Students. Translated from the 


Secend German edition, with many additional notes by the Author, 
by J. R. Coapwicx, M.D. 8vo, 148. 


se rhs the C. ie ae M.A.» M.D. DUBL. 
Professor of Anatomy A iecaiph Wye pene he plaid saminer 1% Anatomy st the 


A HANDBOOK oF SURFACE ANATO 
MARKS. Post 8vo, illustrations, 38. 6d. MY AND LAND- 
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EDWARD WOAKES, ™.p. tonp. 


Senior Aural Surgeon and Lecturer on Aural Surgery at the London Hospital; Surgeon 
to the London Throat Hospital. 


we, A aed GIDDINESS AND NOISES IN THE 


Vou. IL—POST-NASAL CATARRH, AND DISEASES OF THE NOSE 
CAUSING DEAFNESS. With Illustrations, cr. 8vo, 6s. 6d. 


Vor. II.—ON DEAFNESS, GIDDINESS AND NOISES IN THE 
HEAD. Third Edition, with Illustrations, cr. 8vo. (In preparation. 


II, 
NASAL POLYPUS: WITH NEURALGIA, HAY-FEVER, 
AND ASTHMA, IN RELATION TO ETHMOIDITIS. With 
Illustrations, cr. 8vo, 48. 6d. 


DAVID ae Mice M8. M.D. 


Licentiate of the Royal College of Physictans, E wih Bicentiate of the Royal College 
of Surgeons, aro ete. 


aaah o IN WINTER AND THE TUSCAN HILLS IN 
MMER. A CONTRIBUTION TO THE CLIMATE OF ITaLy. Small 


Sta 6s. 


HERMANN VON ZEISSL, ».. 
Late Professor at the Imperial Royal University of Vienna, 


OUTLINES OF THE PATHOLOGY AND TREAT. 
MENT OF SYPHILIS AND ALLIED VENEREAL DISEASES. 
Second Edition, revised by M. von Zersst, M.D., Privat-Docent for 
Diseases of the Skin and Syphilis at the Imperial Royal University of 
Vienna. Translated, with Notes, by H. RapuHag., M.D., Attending 
Physician for Diseases of Genito-Urinary Organs and Syphilis, Bellevue® 
Hospital, Out-Patient Department. Large 8vo, 18s. 


Clinical Charts For Toop Observations, etc. 
Arranged by W. Ricpen, M.R.C.S. 50s. per 1000, 288. per 500, 
15%. per 250, 78. per 100, or 18. per dozen. 


Each Chart is arranged for four weeks, and is ruled at the Qck for making notes of 
Cases; they are convenient in size, and are suitable both for hospital and private practice. 


Lowis’s Nursing Chart. 
25s. per 2000, 148. per 500, 38."6d. per 100, 28. per 50, OF Is, per 20. 
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THE NEW SYDENHAM SOCIETY'S PUBLICATIONS. 


“President -—Sitx James Pacet, Bart., F.R.S. 
Honorary ss lel s—JONATHAN Hutcuinson, Esq., F.R.S. 
Treasurer :—W. SEpGwick Saunpers, M.D., F.S.A. 





Annual Subscription, One Guinea, 


The Society issues translations of recent standard works by continental authors on sub- 


jects of general interest to the profession. 7 : 
Amongst works recently issued are “ Fligge’s Micro-Organisms,” ‘ Cohnheim's 


Pathology,” * Henoch’s Children,” “ Spiegelberg's Midwifery,” “ Hirsch's Historical and 
Geographical Pathology,” egg on Micro-Parasites,” works by Charcot, Duchenne, 
e 


Begbie, Billroth, Graves, Koch, Hebra, Guttmann, etc. 
The Society also has in hand an Atlas of yaolony eth Coloured Plates, and a valu- 


able and exhaustive ‘Lexicon of Medicine and the Allied Sciences.” 
The Annual Report, with full list of works published, and all further information will be 


sent on application. 


PERIODICAL WORKS PUBLISHED BY H. K. LEWIS. 
THE BRITISH JOURNAL Of DERMATOLOGY. Edited by Malcolm Morris and 
H.G. Brooke. Published mofithly, 1% Annual Subscription ras. post free. 
THE NEW YORK MEDICAL JOURNAL. A Weekly Review of Medicine. Annual 
Subscription, One Guinea, post free. 


THE THERAPEUTIC GAZETTE. A Monthly Journal, devoted to the Science of 
Pharmacology, and to the introduction of New Therapeutic Agents. Edited by Drs. H. 
C. Wood and & M. Smith. Annual Subscription, 108., post free. 


THE GLASGOW MEDICAL JOURNAL. Published Monthly. Annual Subscription 
2oa., post free. Single numbers, 2s. cach. 


LIVERPOOL MEDICO-CHIRURGICAL JOURNAL, including the Proceedings of 
the Liverpool Medical Institution. Published twice yearly, 3s. 6d. each number. 


TRANSACTIONS OF THE COLLEGE OF PHYSICIANS OF PHILADELPHIA. 
Volumes I. to VI., 8vo, x08. 6d. each. 


MIDDLESEX HOSPITAL, REPORTS OF THE MEDICAL, SURGICAL, AND 
Pathological Registrars for 1883 to 1888. Demy 8vo, 2s. 6d, sett each volume. 


*.* Mr. Lewis is in constant communication with the leading publishing 
firms in America, and has transactions with them for the sale of his pub- 
lications in that country. Advantageous arrangements are made in the 
interests of Authorg for the publishing of their works in the United States. 


Mr. Lewis's publications can be procured of all Booksellers in any part of 


the world. 
ee eee eaneeeerean nated 
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